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REVISER’S NOTE TO THIRD EDITION. 


Although the time available for the preparation of the present 
volume was brief in pioportion to the task, it was so much greater 
than that allotted to Volume I that, as will be noted, a much more 
extensive revision has been accomplished It has still been impracti- 
cable to submit manuscript or proof-sheets to Mr. Allen, but an 
extended correspondence has secured his co-operation in many respects, 
and he has forwarded a large amount of manuscript notes, clippings, 
and refeiences which have been utilised 
It will be noted that the plan of distinguishing the added matter by 
the use of a smaller type, which was employed in Volume I, has 
been followed but rarely in tins volume This is because the revision 
has been such as to involve every page and neaily eveiy paragraph , 
to indicate the new matter would bring about such a mixture of differ- 
ent types as would confuse the work. It must, therefore, be under- 
stood that the American reviser is responsible foi all omissions and for 
all errors in fact or form In justice to Mr Allen, it must be remem- 
bered that his control of the work has been at long range, and he has 
been unable to add to it the innumerable hints and items of advice 
which lus large practical expenence and wide familial lty with the 
literatuie of the subjects would have suggested if the book had been 
preparing under his direct supervision It is believed, however, that 
the woik does not misrepresent him in any important particulai In 
defeieuce to bis publicly expressed disapproval of the spelling advised 
by the American Association for the Advancement of Science, it has 
not been adopted, and any instances are accidental 
The pieparation of the revision would have been much delayed if 
the reviser had not been aided by his fnend and colleague, Dr. William 
Beam, who has devoted thegieatei poition of several months to the 
selection and arrangement of the data The lesults of Dr Beam’s 
faithful and intelligent labors are seen in every part of the woik 
It is not wise, peihaps, to make an excuse in a preface, but it seems 
not impropei to call attention again to the fact that the hasty revision 
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of these volumes has been rendeied necessary “by the danger of the 
unauthorised lepunting of them — an act which would misrepresent the 
authoi and infringe upon his rights. 

By Mi Allen’s advice, the mattei originally in Volume II has been 
distnbuted into two parts Part Second, which is nowin process of 
levision, will include the hydrocarbons and immediate denvatives 
The chapter on the terpenes and closely related bodies will be largely 
levised by Mi Allen, and will necessarily be extensive, since great 
progress has been made of recent years in this depaitment of oiganic 
cliemistiy 

Among the impoitant additions to the piesent volume aie — The 
biomine thermal method, methods for determination of glyceiol, 
acetyl numbei, various tests for oxidation of oils, composition and 
official methods foi examination of dynamites and smokeless powdeis, 
dggras, and cloth oils The tables od pages 91 to 102 were furnished 
by Mr Allen. 



PREFACE TO SECOND EDITION. 


I feel that I cannot allow this volume to appear without a few 
words of apology, explanation, and thanks 

My Apology is due to those who, misled by promises which I had 
every expectation of bemg able to keep, have been long expecting the 
appearance of this volume 

My Explanation of the delay in its publication is that, although 
nominally merely a new edition, the subject-matter has been real ranged 
and raoie than doubled in amount, and that not only by the incor- 
poration of matter published since the appearance of the last edition, 
but also by the addition of the results of original experiments when- 
ever the information on a paiticular subject appeared to bo insufficient 
or of doubtful accuracy In some cases these investigations have 
been progressing duung the passage of the book through the press. 
jA fui ther cause of delay lias been that I have discoveied the maxi- 
mum limit of my strength. 

My Thanks are due to those chemists who have given me the 
benefit of their special experience'in certain kinds of work, and by 
whose assistance some of the moie important articles have acquued an 
almost exhaustive chaiacter. The names of those to whom I am 
indebted in this way aie duly mentioned in connection with the sections 
in the levision of which they have assisted My thanks are also due 
td those members of my staff who have conducted many of the experi- 
ments already referred to, and who have shown great zeal and often 
made valuable suggestions. 

The arrangement of the subject-matter in numbered paragiaphs has 
been abandoned as valueless Iu the chapter on Fixed Oils and 
Fats the specific gravities of bodies lightei than water aie compared 
with water taken as 1000, in accordance with a widely-extended cus- 
tom ; but I have not lealised any advantage flora this mode of expres- 
sion, and hence m the subsequent chapteis the densities are compared 
with water taken as unity 

The giowth of the subject-matter has compelled me to omit the 

Vll 
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chapters on the Aromatic Acids and Tannins, They will form part 
of the Third and concluding Volume of the work, together with chap- 
ter on Coloring Matters, Cyanogen Compounds, Organic Bases, 
Albuminoids, &c. Much of the matter for this volume is already 
wi itten. 


Sheffield, October, 1886. 


Alfred H. A llen. 
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FIXED OILS, FATS, AND WAXES. 

Jku hLj* PJ 

Under the names of fixed oils, fatty oils, fats, ami waxes is classed 
a number of bodies occurring in' animal and vegetable substances 

The term fixed or fatty oil is generally used for such membeis of 
the group as remain liquid at ordiuaiy temperatures Those having 
tins character contain a relatively laige propoition of olein or other 
fusible bodies, but beyond this there is no absolute distinction between 
fixed oils and fats. 

The waxes possess well defined physical characters, and exhibit 
differences in chemical composition which distinguish them pretty 
sharply from the true fats They are in many respects closely le- 
lated to these, and are conveniently desciibed in the same division 

The following aie the geneial pioperties characterising the true fats 
and fixed oils — 

1. When puie, they are mostly colorless 01 of a pale yellow color. 
Impure and commercial oils vary in color from light yellow to led, 
and even to blown and black. Many vegetable oils have a distinct 
shade of green from the preseuce of chloiophyl, and show absorption- 
spectra, which is never the case with oils of animal origin 

2 Their smell and taste are often peculiar, and aie charactenstic of 
theii origin As these chaiaeters become le9s perceptible the moie 
completely the oil is purified, they may be due to the presence of as- 
sociated and difficultly removable foreign matters, rather than to the 
constituents of the oil. 

3. They are more or less unctuous, and if dropped in a liquid con- 
dition on paper they leave a permanent giease spot, unless they aie 
crystalline and hard enough to be rubbed off. 

4 They are not fluorescent and, as a rule, have no rotatory action 
on a ray of polarised light. Castor oil is sometimes optically active 

5 The specific gravity is less than that of water, varying between 
the limits of 875 and 970; but if certain anomalous oils from marine 
animals be excluded, the lowest density is about 912 at a temperature 
of 15° C. In the fluid state, at the temperature of boiling water, the 

von. ii— 2 17 



18 FIXED OILS AND FATS 

densities range from 850 to about 910 The waxes and allied bodies 
are, when molten, still lightei, their density ranging from 808 to 845 

6 The fusing or melting points vary within wide limits, and are 
liable to modification in an obscuie manner by special treatment 

7. They are practically insoluble in water, but dissolve somewhat in 
absolute alcohol or stiong spirit, especially when hot, and are readily 
soluble in ether, chloroform, carbon disulphide, henzene, petroleum 
spiut, turpentine, and other volatile solvents They are readily misci- 
ble with one another. 

8 The fixed oils and fats are composed of carbon, hydrogen, and 
oxygen, any nitrogen oi sulphur existing in paiticulai specimens 
being due to the presence of foreign matters. The chemical constitu-' 
tion is discussed in a separate section. 

9 They are not inflammable at the ordinary temperature, but may 
be burnt by means of a wick They are not capable of being dis- 
tilled without decomposition When heated alone they darken and 
evolve acrid offensive vapors; and when further heated to about 
315° 0 (600° P ) carbon dioxide is evolved, together with peculiarly 
irritating vapois of acrolein, CjHiO, various volatile organic acids, 
and gaseous, liquid, and solid hydrocarbons The temperature at 
which these decompositions occur has been impropeily called the 
“boiling point’’ of the oil, the phenomenon of apparent ebullition 
being really due to the escape of the gases formed by the decomposi- 
tion. When caused to pass slowly through a red hot tube they-are 
almost wholly decomposed into volatile products, consisting of carbon 
monoxide and hydroeaibons. 

10 On distillation with superheated steam, they suffer a simpler 
decomposition, with formation of glycerol and fatty acids. This 
change may also be effected by acting on them with sulphuric acid 
or a strong base The reaction is known as “ saponification,” and is 
discussed at length in another section 

11 If air be excluded, the fixed oils may he preserved unchanged 
for a lengthened period, but, on exposure to air, many of them thicken 
with absorption of oxygen, and are ultimately converted (if exposed 
in sufficiently thin layers) into a yellowish, transparent skiu or var- 
nish 1 Such oils (eg., linseed, walnut, herapseed, and poppy-seed 
oils) are called drying oils 

12 The non drying oils behave in a different manner on exposuie 

1 Uniter certain conditions, ns when cotton-wnsto, shoddy, or hemp is moistened with 
oil and e .posed to the air, the oxidntion of the oil bocomca so cnorgetio as to lend to con- 
siderable deration ot touiperaturo, and even actual inflammation. 
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to air. When absolutely free from foreign matter most of them 
remain unchanged, but commercial specimens gradually turn rancid, 
that is, lose their color (and to a certain extent their fluidity), and 
acquire an acrid, disagreeable taste, and acid reaction to litmus paper. 
This alteration is due to the presence of foreign matters, such as the 
cellular substance of the animal or plant from which the oil was 
extracted. These bodies furnish nourishment for microbes which set 
free fatty acids, besides producing small quantities of volatile acids 
{eg , butyric, valeric, caproic) of Btiong odor. By agitating such 
rancid oil with hot water, and subsequently treating it with a cold aud 
•dilute solution of sodium caibonate, the products of decomposition 
may often be removed and the fat restored to its original state 


EXTRACTION AND PURIFICATION OF FIXED 
OILS AND FATS. 

For the exli action of oils and fats from animal tissues it is often 
sufficient to allow the substance {eg , cod-liver) to become somewhat 
putrid, when some of the oil diains from it, or may be obtainable by 
slight pressuie A further quantity can be extracted by warming or 
boiling the tissue with water, as is done with blubber. In the ease of 
lard and tallow it is merely necessary to heat the substance alone, and 
strain the melted fat away from the membranous raattei. From 
compact tissue, such as bone, the whole of the fat can be extiacted 
by a solvent only 

The extraction of the fat or oil from vegetable tissues may be 
effected by boiling the crushed substance with water, or by subjecting 
it to powerful pressure, either at the ordinary temperature or between 
plates heated to a little beyond the fusing point of the fat. The prod- 
uct obtained in the last manner will usually contain more "stearin ” 
or solid fat than the “ cold drawn ” oil In either case a certain 
quantity of the fat is mechanically retained by the tissues, and hence 
a larger yield can be obtained by the use of carbon disulphide or 
petroleum spirit, which, on being distilled off, leaves the fat behind 

The proportion of oil or fat yielded by -any particular material 
depends on many conditions According to Vohl, the average per- 
centage of oil extiacted by solvents from linseed is 2T ; from hemp- 
seed, 26; from poppy seed, 49, from walnuts, 50; and from almonds, 
52 per cent. According to Yoelcker, the proportion of oil in linseed 
varies from 31 to 38 per cent., the linseed cake containing flora a 
little under 10 up to nearly 16 per cent. ; while the oil in cottonseed 
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cake varies from 6 per cent in the undecorticated to 16 per cent, in 
the decorticated Cacao-nibs contain on the average about 60 per 
cent of fat. Oils obtained by the use of solvents are more likely to 
contain impurities than those obtained by pressure 

Determination of Oils and Fats. 

In the laboratory, the determination of the oil in solid animal 
and vegetable matters is effected by treating the finely-divided and 
previously dried substance* with a suitable solvent under such condi- 
tions as to ensure complete extraction. Carbon disulphide or petro- 
leum spirit may be employed for the purpose, but in the author's 
experience ether is more satisfactoiy, both from point of view of the 
health of the operator and the danger resulting from file, due to 
breakage of the apparatus or other cause 

The exhaustion of seeds, bones, shoddy, oil-cakes, inilk residues, &c., 
may be effected by simply digesting the substance with the solvent at 
the ordinary temperature, with fiequent agitation, in a closed flask 
After some hours, the flask should be opened, placed 
in hot water, and the solvent thus raised to its boiling 
point. The liquid is then filtered into a weighed 
flask, and the lesidue washed with the solvent The 
solution is subsequently evaporated or distilled by 
steam heat, and the residual oil weighed. 

The foregoing method is unsatisfactory, as it re- 
quires a considerable quantity of the solvent, of 
which a notable proportion is likely to be lost 
Hence an apparatus which will act automatically, 
and allow of complete exhaustion of the substance 
by a limited quantity of the solvent, possesses great 
advantages. 

For this purpose, no better apparatus has been 
devised than that due to Soxhlet (fig 1). The sub- 
stance to be exhausted of oil is enclosed in a plaited 
filter or cylinder of filter paper ; or if it be coarse, it 
is sufficient to place it loose in a large test tube hav- 
ing an aperture at the bottom closed by a plug of 
glass-wool. 

Thus arranged, the tube or filter with its contents 
is placed in a Soxhlet-tube, having a little glass-wool at the bottom, 

1 In tba ease of hneeed and other eubstanees oontainlng drying oils, the desiooation must 
either be omitted or conducted in an atmospheie of hydrogen or coal-gas. 
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and adapted by means of a cork to a flask containing the solvent A 
vei tical condensei is adapted to the upper end of the Soxhlet’s tube, 
and the solvent kept boiling by a suitable source of heat. In the 
case of petroleum spmt, ether, 01 other volatile and inflammable sol- 
vent, this should be a tin vessel of water kept hot by a small flame 
As the solvent boils it is condensed and falls on the substance to be 
ex ti acted, leraaimng in contact with it until both the inner and outer 
tubes aie filled to the level of the siphon, wlieu the solution passes ofif 
into the flask, to be redistilled and recondensed, and so on until the 
process is judged to be complete. With a proper arrangement of the 
source of heat, the extraction goes on legularly and automatically. 
On changing the flask and leplacing the inner tube by one con- 
taining a fiesli sample, the apparatus is ready to be used for another 
exti action 

A veiy simple and convenient form of exhaustei, adapted either 
foi exti action or lepei eolation, has been descubed by Dunstan and 
Shoit {Phann Joui , [3] xm 664) It consists of two glass tubes, 
the widei of which is diawn out at one end The nauowei aud some- 
what shortei tube fits into the outer one with much margin, and is 
also diawn out in such a way as to allow the end to protrude fiom 
the diawn out end of the wider tube when the smaller is mseited 
therein At the point where the outer tube commences to contiact it 
is indented on opposite sides, by which means two ledges are formed 
within the tube, which serve as supports for the nan ower tube. 1 The 
inner tube serves to contain the substance to be exhausted The 
lower diawn-out end of the wider tube is fitted by a cork to the flask 
containing the volatile solvent, while the uppei end is connected with 
a condensing ariangement 

J West-Knights has described ( Analyst , vm. 65) a foim of ex- 
hauster which may be conveniently used when the quantity of matenal 
to be extracted is somewhat small (fig 2) A percolator is made by 
cutting off the bottom fiom a test-tube of suitable size, and blowing a 
hole or two (AA) in the side of the tube about an inch from the top 
A disk of filter papei oi fine cambnc (B) is tied over the lower end 
of the tube The substance to be extracted is placed in the tube, and 
kept in its place by some glass wool or a perfoiated disc of metal, and 
the tube with its contents then fixed by a cork to the lower end of the 
tube of a vei tical condenser (C) This is adapted by a larger cork 
(D) to the neck of an ordinary flask containing the volatile solvent, 

1 The indentations tiro inaile by pressing cndi side of tlic tube when rod-hot with a pmr 
of crucible- tonga 
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on heating which the vapor passes through the holes in the side of the 
test-tube up into the tube of the condenser, where it is liquefied The 
condensed liquid diops back into the' test-tube, percolates through the 
substance to be extracted, and falls to the 
bottom of the flask, to be again volatilised 
As the percolator is inside the flask, its con- 
tents are kept constantly at the boiling 
point of the Bolvent, and, the action being 
continuous and automatic, very rapid ex- 
haustion may be effected. 

Other forms of exhauster have been con- 
trived by Church, Dreclisel, Angell, Thoms, 
Thresh ( Pharm . Jour, [3] xv 281), and 
others, but those already described will 
be found sufficient for all purposes (see 
vol, i). 

To 7 ecover the oil from its solution in the 
ether, or other liquid employed, the solvent 
should be distilled off at a steam heat, and 
the last traces of it removed by placing the 
flask on its side and heating it in the water- 
oven until constant in weight. In some cases 
the complete removal of the solvent is best 
effected by blowing a gentle stream of air, 
previously filtered through cotton-wool, through the flask while it is 
maintained at a temperature of 100° C 

In the case of liquids containing oil m the form of emulsion, a 
separation can often be effected by agitation with ether. The extrac- 
tion of the fat from milk can be effected in this manner if the liquid 
be previously made slightly alkaline. 

For methods especially adapted to the determination of fat in milk, 
see volume iv. 

Purification of Oils. 

The refining or purification of fixed oils is effected in various ways, 
according to their origin and the impurities it is desired to remove 
The following is an outline of the methods of most general applica- 
tion They may be modihed in detail, or combined in a manner 
suited to any special case 

Action of Light — Simple exposure of a fixed oil to light for a 
period varying from a few days to as many months will often effect a 
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remai liable improvement Linseed and seal oils afford good examples 
of tlie success of tins trentment 

Action of IIeat — By rapidly heating palm oil to about 240° C. 
(464° F ), aud maintaining it at that temperature for ten minutes, 
it is veiy effectually bleached, and the same is the case if poppy oil be 
kept at 90° to 95° 0 for four or five hours. The same treatment can 
be advantageously employed in other cases 

Filtration — Some oils me greatly improved by treatment with 
animal or wood chaiconl Kaolin, steatite, plaster of pans, and 
other subatauces may often be employed with advantages to effect a 
semi-mechanical clanfication After BUch tieatment the oil usually 
requites filtiation thiough canvas bags, which also serves to sepaiate 
spermaceti, stearin, &c , deposited by cooling the oil. Clay is now 
veiy largely used for the clanfication of oils. 

Washing with Water — A veiy geneial method of purification 
consists in agitating the oil with watei This is ofteu conveniently 
effected by driving in steam through a false bottom oi perforated pipe. 
This treatment can be combined oi alternated with any of the others, 
and, if desned, chemical leagents can be added to the water. 

Treatment with Acids — A method of very general applicability, 
and one which, when caiefully conducted, is lemarkably efficacious, 
consists in violently agitating the oil, pieviously heated to about 40° 
C , if necessary, with from one to two per cent of concentrated sul- 
phuric acid, which attacks aud chars the impuiities without materially 
affecting the oil The acid is then allowed to settle, and the superna- 
tant oil well washed with water ; or steam is blown into the- mixture 
for a short time, and the acid water allowed to separate fiom the oil. 
Foi 100 gallons of oil, about 10 lbs of sulphuric acid are usually 
required, diluted with an equal bulk of watei. In some cases hydro- 
chloric acid is substituted for sulphuric. Tieatment with acid is very 
suitable as a means of refining most seed oils (e g , rape and linseed 
oils), and greatly improves some of the fish oils, but the lefined product 
is apt to coutam traces of unremoved mmeial acid, and an undesira- 
ble pioportion of free fatty acids. These impurities are of no disad- 
vantage if the oil is to be employed for soap-making, but acquue 
importance if it is to be used for burning or lubucation. Treatment 
with sulphunc or hydrochloric acid also selves to lemove the lime 
which is piesent m bone-fat 

Treatment with Alkalies — Cottonseed oil, olive oil, sperm oil, 
and some othei s, are advantageously purified by treatment with -ft 
solution of caustic soda, »tlie quantity of which must be regulated 
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according to the proportion of free fatty acids and impurities present 
m the oil. Cottonseed oil contains a notable pioportion of a resinous 
matter which p induces a fine blue color with the alkali The oil loses 
cousideiably m refining, and the proportion of alkali used should be 
legulated aocoidiug to the indications of a ptelimmaiy laboiatory 
trial A specific gravity of HO is a suitable strength for the ley. 
Cottonseed oil expressed in Englaud from decorticated seed often con- 
tains so large a piopoitionof free acid that purification with alkali 
becomes practically impossible. 1 

Ammonia, sodium carbonate, magnesium catbouate, or milk of lime 
may sometimes be used with advantage to letnove acids from oils. 
The use of alkali instead of acid for puufication 13 to be prefened in 
the case of oils intended for use as lubricants 01 foy cooking The 
lefined cottonseed oil now extensively used for cooking, &c , is le- 
markably fiee fiom acid 

Treatment with Oxidising Agents — A remaikably effective 
means of clarifying cei tain fish oils consists in heating the liquid by 
means of steam to a terapeinture approaching the boiling point of 
water, and then blowing a current of air of a similar temperature 
thiough the liquid The treatment must be cautiously conducted, or 
the Use of tempeiature may be so gieat as to cause a notable change 
in the density and viscosity of the oil, such as occurs puiposely in the 
manufactuie of “ oxidised” 01 “ blown oil,” 

Another veiy efficient oxidising agent, especially suitable for the 
treatment of palm, oil, is chromic acid, as produced by the reaction of 
potassium dichrornate with a suitable amount of sulphuiie or hydro- 
chloiicncid The oil is melted, stiamed if neccssaiy, and then agi- 
tated at about 50° C with about 1 per cent of potassium dichrornate 
pieviously dissolved in watei To this is added sufficient acid to leact 
with the salt to form potassium and chromic chlorides or sulphates, a 
slight excess of acid being rather advantageous than otherwise. 
Some oils, when treated m this manner, retain chromium compounds 
with rematkable persistency. 

Treatment with Reducing Agents — In the case of linseed and 
other drijmq oils, exposuie to light in contact with a deoxidising agent 
affords a very efficient means of clarification Strips of metallic lead 
may be employed, or finely-divided precipitated lead, as recommended 
by Livache. A strong solution of ferrous sulphate also answers the 

1 The writer found a sample of oil fiom decorticated cottonseed expressed in Liverpool 
to require 14 1 per cent of KHO to neutralise the free aoid This corresponded to 70 5 
per oent. of fioo noid calculated ns oleic 
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purpose, especially if assisted by exposure of the oil to light for 
some weeks, aud accompanied with frequent agitation. 

Treatment with Precipitants. — Fish oils and some others are 
greatly improved by violently agitating them with a hot solution of 
oak-bark or other tanmn-matter Steam and air can be blown in at 
the same time. After deposition, the clear oil should be treated with a 
solution of lead or aluminium acetate, to remove any excess of 
tannin, and is afterwards dried by treatment with plaster of paris. 
Othei metallic solutions or reagents forming insoluble compounds 
with gelatin or albumin, may be employed with advantage in certain 
cases. 

Purification by Pressure. — This sketch of the puncipal 
methods of refining oils would not be complete without a reference to 
the widely applied use of hydraulic pressure for separating the solid 
from the liquid constituents of oils. The solid fats thus separated are 
commercially known as “stearin,” though they are frequently far 
from approximating to the pure ester of stearic acid. Similarly, 
the liquid expressed oils are conveniently termed “ oleins,” though of 
veiy complex composition The following are some of the chief in- 
stances in which commercial fats and oils are separated by pressure 
into solid and liquid portions — 


Original Oil, 
Olive oil 
Cottonseed oil 
Coconut oil 
Tallow 
Laid 
Whale oil 
Sperm oil 


Liquid Product 
Purified olive oil 
Purified cotton oil 
Coconut olem 
Tallow oil 
Lard oil 

Pnnfied whale oil 
Purified Bperm oil 


Solid Product 
Olive oil stearin 
Cotton oil stearin 
Coconut stearin 
Tallow steai in 
Lard stearin 
Whale stearin 
Spermaceti 


PHYSICAL PROPERTIES OF FIXED OILS AND 
FATS. 

The general characters of the fixed oils have all eady been described 
Some of their physical properties are of importance for their lecogni- 
tion and determination, this being especially true of their density, 
melting and solidifying points, absorption spectra, viscosity, and be- 
havior with solvents These characters, and the methods of observ- 
ing them, are described in detail in the following sections 
Determinations of the refractive indices and electrical conduc- 
tivities have been also proposed as methods of differentiating oils 
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Cohesion-Figures of Oils. 

The surface-tension of oils is a property which in certain cases is 
capable of useful application, though its value has been much exag- 
gerated To obtain the cohesion-figures which depend on the surface- 
te'nsion, it is necessary to allow a drop of the oil to fall gently on the 
surface of still water contained in a flat evaporating- basin or soup- 
plate. In order to ensure success, and to obtain bold, well-defined 
figures, it is necessary that the vessel containing the water should be 
chemically clean ; that the surface of the water should also be clean 
and free from organic matter, that the temperature should not be 
below 15° C ; and that the surface of the water should not be too 
limited. The time required to produce the characteristic figutes should 
be carefully noted 

When a drop of olive oil is placed on the water, it slowly spreads out 
into the shape of a large disk with slightly recurved edges. The co- 
hesion of the oil, however, soon causes the disk to contract, the edges 
first testifying the return of the cohesive force, a number of little 
spaces begin to appear round the edges, causing them to resemble a 
chaplet of beads. The spaces between the beads soon open out, and 
the edges become toothed, the detached portions in some parts reunit- 
ing themselves to the main sheet of oil, enclosing polygonal spaces 
bounded by fine beads and covered with an excessively fine dew of 
oil, which it requires a sharp eye to deteot. This succession of changes 
occurs in about thirty- five seconds. 

Oil of sesame, treated in the same manner, begins by forming a well- 
defined sheet. Contraction soon takes place, the final figure being 
a central spot with distinctly marked rays, between which other 
smaller rayed spots appear, the whole recalling the aspect of a spider’s 
web loaded with dew The phenomenon is complete in about sixty 
seconds 

Mixtures of olive with sesame oil give figures approaching more or 
less to the typical, according as one or the other is in excess. Other 
oils also give more or less characteristic cohesion -figures. 

Absorption-Spectra of Oils. 

The absorption-spectra of the fixed oils occasionally afford valuable 
indications of their purity. For observing them a micro spectroscope 
may be used, but in many cases the light must be caused to pass 
through, several inches of the oil to be examined. Although some 
vegetable oils give exceedingly striking absorption-bands, the position 
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of these is not capable of employment foi their discrimination in many 
cases, as the absorption is not a property of the oils themselves, but of 
the chlorophyl and impurities contained m them Hence the purifi- 
cation or clanfication of an oil tends senously to reduce the character- 
istic nature of the absoiption-bands, which, indeed, may disappear 
altogether if the oil be long exposed to sunlight In one particular, 
however, the absorption spectrum furnishes important information 
Thus, no oils of animal origin give definite absoiption-bands, the spec- 
trum being ineiely obscuied at the mote refiangible end, whilst in 
many vegetable oils the absorption-bands of chlorophyl are exceed- 
ingly well rnaiked, especially a band having about the same lefiangi- 
bility as the Fraunhofei line B By applying this fact it is ensy to 
detect the piesence of tape, olive, or linseed oil in sperm, cod, 01 lard 
oil Castor and almond oil, on the other hand, give no well defined 
bands, and the band at B in the case of sesame oil is faint, though 
theie is strongly marked absoiption of the whole of the red nearly 
up to that point. 1 

Viscosity of Oils. 

A useful physical test for oils is based on their lelative " body” oi 
viscosity, a piopeity which may be legarded as the converse of fluidity 
The viscosity is usually compared with that of lape oil, hut it may also 
be referred to water or glycerol as a standaid. 

The viscosity of an oil is determined by ascertaining the time a cei- 
tain weight or measure takes to flow through a given apeituie.but the 
results obtained vary not inconsiderably with the construction of the 
apparatus employed The subject is fully discussed in the section on 
the “ Examination of Lubricating Oils ” 

1 The nbsorption-spcctra of fixed oils of vegetable origin havo been investigated by 
Doumqi and Tlnbaut (Cot pa Qiaa Iiulwti tela), who classify them in the fullowing 
manner — 

a. Oils exhibiting no absorption-spectrum , — sweet almonds, bitter almonds, castor 
b Oils whioh absorb all rays of greater rofi -legibility thin the gicen.but the spoctia of 
which show no absorption lines, — coles, rape, inastaid, and linseed 

e Oils showing the nbsorption-speeti um of chlorophyl — olive, liempseed 
d Oils, tlio (photogiaphio) speetiam ol which shows thico broad bands in tho more 
refrangible pait, which bands aro cxaetlj in tho position of the lartcspunduig absoiption- 
bands of eliloiophyl , but the loss reOangible bands characteristic of chlorophyl are 
wanting, — sesnmo, araeliis, poppy, mpo 

Those observations wore made on tho fleshly expressed oils They are not entirely in 
agi cement with tile statements made in tho text, and It is evident that their practical 
valuo is senously lcduoed by the change lihely to be pioduied in the speotia by Keeping, 
and by the different processes of refining which may have been employed 
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Specific Gravity of Fats and Fixed Oils. 

The density of the fixed oils and fata is a property largely dependent 
on their constitution, and hence is more or less characteristic of each 
particular oil As a rule, the specific gravity of different samples of 
the same kind of oil vanes within very narrow limits, but it is liable 
to be affected by the tieatment to which the oil may have been sub- 
jected in the process of refining, the piesence of free fatty acids, the 
age of the oil and the amount of oxidation it has undergone, and by 
other cncumstances. 

The specific giavity of fixed oils maybe ascertained by the usual 
methods, but great cane is necessary. Owing to the high coefficient 
of expansion of oiIb the temperature at whiph the observation 
is made should be caiefully noted, and in accuiate detei minations 
the thermometer employed should be an instrument the indications of 
tvhich have been verified. 

When a sufficient quantity of the sample is available, and results of 
extreme accuracy are not required, the determination of the density 
can be made very readily and satisfactorily by means of an acourate 
and delicate hydrometer In any observations, save those of the 
roughest kind, the oil should be brought accurately to the standaid 
temperature by immersing the hydrometer glass in water, cooled, if 
necessary, to 15'5° C. (60° F.) by dissolving m it sodium thiosul- 
phate (hyposulphite) or ammonium nitrate. The hydrometer should 
be immersed in the oil for five or ten minutes, and the temperature 
again observed before taking a reading of the density, as the use of a 
warm hydrometer may cause an increase of several degrees in the tem- 
perature of the oil Of course, in taking the density by a hydi ometer, 
the accuracy of the instrument employed is presupposed, but many of 
the instruments sold are inaccuiate to the extent of several degrees 

The specific gravity bottle and Sprengel-tube (see vol. i) may also 
be employed for ascertaining the densities of oils, and allow of more 
accurate determinations than can possibly be made with a hydrometer, 
The weight of distilled water which fills the bottle or tube at a tem- 
perature of 15 5° C. (60° F) is usually (at least in England) taken 
as the unit of comparison in stating the density of fixed oils. 1 

Ab many of the fixed oils aie solid or semi-sohd at the ordinary 
temperature, their densities are not directly comparable with those of 
the fluid oils This difficulty may be obviated by observing the spe- 

1 Oil merchants frequently use a hydromSter on which water is marked 0° and rape 
oil 28° 
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cific gravity in a molten state at some higher temperatiue. This is 
done by Bell and Muter at 100° F. (37 8° C), 1 but C Estcourt has 
recommended that the determination be made at theffioiling point of 
water. This may be done with a hydrometer or balance, if the cylin- 
der containing- the oil be kept for a sufficient tune m boiling water 
before the reading is taken. A specific gravity bottle is less convenient, 
but with the Sprenget-tube high accuiacy may be obtained The 
weight of the Sprengel-tube and that of watei contained at 15 5° C. 
being known, the tube should be completely filled with the oil, by 
immersing one of the onfices in the liquid and sucking at the other 





i Dr Muter gives tlio following figures for" actual donsitics" at 100 3 F of yauous oils, 
wator at theaamc temperatm c being taken as 1000* — 


Olive oil, 



Hope oil, 

Nut oil, 

Cottonseed oil (brown) 
Cottonseed oil (refined), 
Poppyseed oil, . 
Hompsced oil, 

Linseed oil (law), 


Linseed oil (boil 
Castor oil, . 
Sperm oil, 
Whale oil, 

Seal oil, 
Codlivor oil, 
Lard oil, 
Neatsfoot oil, 
Margarine, 
Butter-fat, 


'10(1 0 

.907 8 
. 907 0 
903 to 906 0 
..012 to 911 0 


These figures in most cnse3 differ by 9 to II degrees from those expressing tlio densities 
of the same oils at 60° F (15 5° C ) 
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The tube is placed m a conical flask containing water which is kept 
actively boiling, a porcelain crucible-cover being placed over the 
mouth of the flask The oil expands and drops from the orifices 
When this ceases, the oil adhenng to the outside is removed by the 
cautious use of filter paper, the tube removed, wiped dry, cooled, and 
weighed, The weight of the contents divided by the weight of water 
contained at 15 5° will give the specific gravity at 100° C compared 
with water at 15 5° G When the amount of material is sufficient, the 
determination may be made by use of the plummet, the use of which 
leaves nothing to be desned on the score of rapidity, accuiaey, or ease 
of manipulation In taking densities by the plummet at the boiling 
point of water, it is desirable to employ a cylindrical bath of metal 
(fig. 4), the top of which is perforated by two orifices One of these 
is fitted with an upright tube, which serves to convey the steam away 
from the neighborhood of the balance, while into the other a test tube, 
6 inches in length and 1 inch in diameter, fits tightly, the joint being 
made perfect by a ring of cork or india-rubber The test tube is 
filled with the oil, the density of which is to be ascertained, and the 
plummet immersed in it. The watei in the outer vessel is then kept 
in constant ebullition, until a thermometer, with which the oil is re- 
peatedly stirred, indicates a constant terapeiature, when the plummet 
is attached to the lever of the balance, and counterpoised in the usual 
way (See also vol I for improved methods of determining specific 
gravity ) 

Huger has described an ingenious method of ascertaining the specific 
gravity of solid fats at the ordinary tempeiature The fat is melted 
and diawn up into a pipette, from which it is allowed to diop slowly 
from the height of an inch into cold alcohol contained m a flat- 
bottomed dish, care bemg taken that each drop of fat falls in a different 
place An alternative plan is to melt the fat in a small lipped cap- 
sule and allow drops of it to fall on a plate of glass which has been 
previously wiped with a wet cloth On placing the glass in cold water 
the diops usually become detached on the slightest touch, but if neces- 
sary can be removed with a knife after half an hour The fat globules 
obtained by one of the above methods aie lemoved to a beaker con- 
taining dilute alcohol. The density of the liquid is then adjusted by 
addition of alcohol or water, till, after caieful staring, the fat-globules 
remain in equilibiium in any part of the liquid at a temperature of 
15 5° C Ammonia may be substituted foi the spirit if pieferred 
The density of the liquid is then taken, and the result obtained 
recorded as the specific gravity of the suspended fat. The great 
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objection to this method is that fats and waxes which have undergone 
sudden cooling have abnormal specific gravities. On this account it 
is far preferable to employ for the experiment fragments which have 
been cut off a mass cooled under normal conditions. 

The following table gives the densities, as determined in the 
author's laboratory, of a number of samples of oil at the temperature 
of boiling water. Some of the observations were made with the 
Spiengel-tube and others by the plummet; but in certain cases, where 
both methods were employed, the results showed such a close concord- 
ance that it is a matter of indifference, so far as the figures are con- 
cerned, which method is employed. In most cases the density of the 
same sample was taken at the ordinary temperature in addition, some 
of these latter observations being made by a hydrometer 1 — 


Nature op Oil. 

SpaciFio Gravity of Oir , Water at 

16 5° C. (80° F ) ueiko 1000 

At 15 6° C 
(60° F ) 

At 98° to 99° C 1 
(208° to 210° F ) 

Arachis oil, . . 

922 

867'3 

Edpe oil. 

915 

863-2 

Neatstoot oil, 

914 

861 9 

Cottonseed oil, 

925 

872 5 

Sesame oil, 

921 

807 9 

Coconut olein. 

926 2 

871 0 

Nigerseed oil, 

927 

873 8 

Linseed oil, . . . 

935 

880 9 

Castor oil, ... 

965 5 

909 6 

Whale oil, 

930 7 

872 5 

Porpoise oil, 

926 

871 4 

Seal oil, . ... 

924 

874 3 

Codhver oil, . . . 

927 6 

874 2 

'Menhaden oil, . . 

932 

877 4 

Sperm oil, 

883 7 

830 3 

Bottlenoso oil, . . 

880 8 

827 4 


The next table shows the specific gravity at two different tempera- 
tures of various molten fats and other bodies which are solid at the 
ordinal y temperature. The densities were ascei tamed by the plummet 

1 It will bo observod that tho densities in tlio third column of the foregoing tuble are 
reoorded as obtained at a temperature of 9S° to 99° C In the author’s laboratory water 
ordinarily boils at 89° 0 , and oil immersed in a vessel of boiling water rarely reaches a 
teinpuaturo exceeding 9S 5° C 
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method, and in each case the observations at the two different tem- 
peratuies were made on the same sample of the substance. A column 
is added showing the difference in density corresponding to a change 
of 1° C 


Niture OF Fit, Ac 

Specific 

Wxr 

r'at I 15 5° 

M Ml LTLD 
(60° F ) 

Fats, Ac , 
= 1000 

Difference 
for 1° C 

Palm oil, 

893 0 at 50° C 

858 6 at 98° C 

717 

Cacao buttei, 

S92 1 

, 50° 

SoV 7 

, 98° 

717 

Japan wav, 

9018 

, GU° 

875 5 

98° 

692 

Tallow, 

S9> 0 

, 50° 

862 6 

98° 

675 

L ird, 

S98 5 

, 40° 

860 8 

98° 

650 

Buttennc, 

898 2 

, 40° 

859 2 

98° 

672 

Butter-fit, 

904 1 

, 40° 

867 7 

99° 

617 

Coconut stearin, 

89,'i 9 

, 50° 

869 6 

99° 

671 

Coconut oil, 

911 5 

, 10° 1 

87 3 6 

99° 1 

642 

Palmuul, oil, 

911 9 

, 40° 1 

873 1 , 

99° 1 

657 

Spermaceti, 

835 8 

, 60° 

808 6 , 

98° 

716 

Beeswax, 

835 G 

, 80° 

822 1 , 

98° 

‘750 

CarnaUba wav, 

850 0 , 

„ 90° 

842 2 , 

98“ 

975 2 

Steancacid (commeicial), 

859 0 , 

, 60° 

630 5 , 

98° 

75Q 

Oleic acid (commercial), 

903 2 , 

, 15 5° 

848 4 , 

99° 

606 

Paraffin wax, . 

780 5 , 

, 50° 

753 0 , 

, 98° 

724 


The figures in the foregoing tables lepiesent merely the densities 
possessed by particular samples of different oils The limits of varia- 
tion of density, and the value of the specific gravity as a means of 
lecogmsing and assaying the vanous fixed oils aie discussed in a sepa- 
late section 

Coefficients of Expansion of Oils —It is always desirable to 
determine the specific gravity of oils at the standard temperature, but 
in many cases in which this cannot be done a suitable correction may 
be made It is evident that to ascertain the rate of expansion of an 
oil it is merely necessary to determine the density of a sample at two 
diffeient temperate les, which should be as far apart as possible 3 The 

1 Tho samples of coconut oil and palmnut oil wore old, and had been frequently 
melted Some time previously they showed densities notably loss than tho figures stated 
in tho table 

5 For obvious reasons, the into of expansion of cainauba wax is only a rough determi- 
nation 

“Thus a sample of rape oil was found to have a density of 915 0 at 15 5° C , and 863 2 
at 98° C , tho difference being 61 8. Dividing this by 82 5, the difference between the 
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lutes of expansion of the molten fata, &c , are given in the table on 
last page, while fioin the figuies recorded on p 32 the wutei has cal- 
culated the 1 sites of expansion of various oils fluid atoidmaiy tem- 
peiatuies The following table shows the values so obtained, together 
with ceitiun deteinnnations published by other obseivers — 


JtDltk'IKJMi Oil 
While oil, 


bit trk-Uru oil, 
Muili uiui oil, 


( ollorisLcd oil, 


Fiom an inspection of the figuies recoided in this and the piecediug 
tables, it appeals — (1) that theiates of expansion of fixed oils aie 
not sufficiently difleient to be of any value for then lecogmtioii ; 
(‘2; that of the fixed oils examined, all, with the single exception of 
whale oil, expand sensibly equally for equal liiciements of heat, m 
at least the figuies obtained do not show greatei variations than 
would probably be observed between difleient samples of the same 
oil, (3) that, with the exception of wlnle oil (the high figuie 
for winch is confiimed by an independent obseivei), the eoriection in 
density foi fixed oils mentioned in the last table may safely be 
taken at 0 64 for each degree centigrade, oi 0 35 for each degiee 
Falncnheit, 1 (4) the rate of expansion of the solid fats and waxes, 

tompernturea ut which the obsouations ncrc miulo pJS 0— b o = 82 5), the figure 0 028 
is obtained ns tho correction to bo mode for n variation oi 1° G fiuiu tbo stumtaid loin- 

1 Thus, it a sample of oil ha* been found to have a density ot 920 7 lit 22° i ' , tho 
density ut 15 5° 0 may be fouud in tho following tu mnei — 

22 0 


+ ‘<20 70 

The establishment of the fact that tho rate of expansion of the uujuuty ot fixul oils 
Is practically identical, will greatly facilitate coneotions for toinpcratuio in eauts where 
it is not convenient to tiscei tain the density at exactly the standard point 
VOL II —3 
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when in a molten state, is not ascei tamed with such a degiee of accu- 
racy as in the case of the oils liquid at oidinaiy tempeiatmes, but in 
most cases is sensibly higher than that of the oils of which olein is a 
leading constituent, this difference extending to fiee steal ic and oleic 
acids 1 

It is evident that the coefficient of expansion of an oil may be deduced 
by dividing the temperature-coriection by the density Thus the 
coefficient of expansion of olive oil will be 0 000715 for each 

degree centigrade 

Melting and Solidifying Points of Oils and Fats. — The ob- 
servation of the solidifying point of an oil is often of considerable 
importance, especially in the case of lubricating oils, in which too high 
a melting point is a decided disadvantage Sitmlaily, the suitability 
of the solid fats for many of the pui poses to which they are applied is 
greatly dependent on then melting points 

Entire uniformity of solidifying or melting points for particular 
oils and fats is not to be expected, as in most cases the natural fats 
consist of a mixture of liquid and solid substances, the proportions of 
which may vary sensibly in diffeient samples of what is nominally the 
same kind of oil Moreover, the melting points, like the specific 
gravities of the natural oils and fats, are liable to obscure alteiations 
by lapse of time, and are fuither modified by the presence of vaiying 
amounts of free acid It has also been observed that many of the fats 
solid at the ordinary temperature have at least two distinct melting 
points Thus the ordinary clarified tallow of commeice, if previously 
melted at a temperature considerably above its fusing point, shows a 
fusing point of 95° to 96° F If it be carefully leraelted at that tem- 
perature, cooled, and the melting point again taken, it will sometimes 
be found nearly 20° F above the former determination 

In making observations of the melting and solidifying points of oils 
and fats it is absolutely necessary to get rid of any water or suspended 
matter This is best effected by keeping the fat gently melted for an 
hour or two, and then filtering it through dry paper. 

The following are the most satisfactory methods of ascertaining the 
melting points of oils and fats — 

a The substance is melted at a temperature slightly above its fusing 
point, and while molten is drawn up into a veiy narrow glass tube 


solidiflcatio 
Thus, tjohd 
of the two 


etion undergone by many waxes and fata in the act of 
ticy are considerably denser than the fluid fixed oils 
castor oil, but in the molten state it is*much the lightei 
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(made by di aivmg out one eml of a piece of ordinary quill tubing), 
where it is allowed to solidify spontaneously After an interval of not 
less than one houi the tube, open at both ends, is attached by a cork or 
india-iubber ring to the stem of a thermometer in such a manner that 
the part of the tube containing the substance of which the melting 
point is to be obseived, shall be at the same level as, and in close 
proximity to, .the bulb The thermometei, with its attached tube, is 
then immersed in water, which is gradually heated at a rate not 
exceeding 0 5° C. per minute until fusion of the contents of the capil- 
laiy tube takes place, when the thermometer is obseived and the tem- 
perature lecorded. The flame is then removed, and the temperature 
at which the fat resolidifies also ob- 
served. In cases in which the melting 
and solidifying points tue not notably 
diifeient, it is usual to recoid the mean 
of the two as the tiue melting point of 
the substance It is desirable to im- 
merse the beakei of water containing 
the thermometei in an outer vessel 
also filled with watei.and to apply the 
source of heat to the latter A half- 
liter flask, from which the neck has 
been cut off, filled to the bum (fig 5), 
furnishes a very convenient watei - 
bath, and allows of a very regulai and 
gradual heatiug of the water contained 
in the beaker placed m its mouth 

It is evident that, without some no s 

modification, the foregoing method is 

applicable only to bodies melting above the freezing point of water. 
By substituting strong brine for the water, however, much lower tem- 
peratures may be observed 

R Bensemaun ( Jour Soc Chem Ind, iv 535) somewhat modifies 
the method last described He places a drop of the previously melted 
fat in the wider part of a piece of quill-tubing drawn out to a capillary 
orifice The fat is allowed to solidify completely, and the tube is then 
attached to a thermometer and placed m water which is gradually 
heated The temperature at which the fat becomes sufficiently fluid 
to mu down into the capillary pait of the tube is called the point of 
incipient fusion, while the point of perfect fusion is that at which all 




nxrn oils a>b tat-? 


3G 

tiace of turbidity disa j>pem « iiom the fat In the case of fatty acids 
them ii olten a ddleieneo ot 3° to 4° 0 between the two points 

b When the fat of which the melting point is to be obseived is not 
vciy fusible, the following method, due to Bevan and Cioss ( Jour 
Client Hoc ,\ li 111), gives veiysatisfadoiy i exults A \eiy thin piece 

of slieet-uon (feuotjpe plate) is cut into an elliptical foim, about an 
inch long by half an inch wide At one of the foci (A) a small de- 
pression is made, and at the otliei a hole (B) is cut, of such size as to 
allow the plate to bo fixed on to the elongated bulb of a thermometer 
(C), so as to project tlietefiom at light angles A glass float (D) is 
made bw blowing a small bulb at the end of a capillary glass tube 
about thiee inches long, a small 

I ! looped oi lme-shaped piece of plat 

j mum wne(E) being sealed into the 

I ^ bulb at the end opposite the stem of 
the float To make an observation, 
a vciy small quantity of the sample 
is melted in the indentation of the 
non plate, and while still liquid 
the loopoi hoe of the platinum wne 
of the float is immersed m it and 
allowed to become fixed by the spon 
taneous solidification of the sub- 
stance, the stem of the float being 
suppoited in a veitical position A 
thermometer is then cautiously in- 
ti oduced into the hole in the plate, 
and with it suppoited in a small 
bealtci, which is then filled wnh 
meicury or other liquid. This is then gradually heated till the sub- 
stance under observation melts, when the float lsieleased and instantly 
rises to the surface of the liquid The lesults are very concordant, 
and free from certain sources of error to which observations made by 
the capillaiy-tube method aie liable. 

c The following plan is applicable within a greatly extended range 
of tempeiatuie — Some clean mercuiy is placed in a small beaker, 
and a delicate thermometer immersed in the metal. A minute drop 
of the liquid fat or oil is then placed on the meicury. If the fat be 
easily fusible, the meicury is then cooled down by immersing it in iced 
watei.or in a freezing mixture, until the diop of oil solidifies, the 
temperature at which the change of state occurs being noted On 
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removing the outer bath containing the cooling agent, the mercury 
will gradually use in temperature till the oil liquefies, and the tem- 
perature at which this occuis can be observed with great accuracy. 
In taking the melting points of the more infusible fats, there is no 
occasion to cool the mercury, which, on the contiary, is immersed in a 
beaker or necldess flask, filled with watei to a higher level than the 
meicuiy. The water is heated very giadually till the fat is observed 
to become transparent and to spread over the mercury The tempera- 
ture at which this occurs is the liquefying point of the sample The 
change of state is very readily observed, and several observations can 
be made simultaneously The beaker containing the mercury may be 
advantageously covered with a funnel (thiough the neck of which the 
theiruometer passes) to pievent cooling by currents of air 
d. A useful technical method of detei mining the solidifying point of 
waxes and fatty acids, and which may be used advantageously in 
various other cases, is as follows — A test-tube, about 5 inches in 
length by f inch in diameter, is fitted with a ring or collar of cork or 
india rubber, by which it is fixed in the mouth of an empty bottle or 
flask The melted substance is then ponied into the (warmed) tube 
till it is about two-tlurds filled, and a delicate theimometer, previously 
warned, is suspended fieely m the liquid, so that the bulb may be 
wholly imtneised When the fat commences to solidify at the bottom 
of the tube the theimometei must be attentively observed The 
opeiatoi then stns the contents of the tube slowly, by giving the ther- 
mometer a circular movement, first three times to the light and then 
thrice to the left The first effect of the agitation is to cause the thei- 
mometer to fall slightly, but subsequently a sensible rise takes place, 
and the meicury remains stationary for at least two minutes The 
temperature thus indicated is the solidifying point of the substance, 
and the results obtained are remarkably constant A rise of several 
degrees is often observed subsequently In such eases both tempera- 
tures should be lecorded The above method is much used for com- 
mercial examinations under the name “ titer test.” 

e F Rudorff, after testing vaiious methods of determining the 
melting points of fats, finds that the most concoidant results are 
obtained by covering a thermometer bulb with a layer of the fat 
about 3 mm. thick, immersing it in water which is gradually heated, 
and observing the temperature at which the fat begins to sepaiate 
fiom the bulb and ascend through the water 
/. The solidifying points of some fats were determined by Rudorff 
by observing the temperatures at which they become solid whilst 
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violently agitated, but with such fats as exhibit a rise of temperature 
during solidification, it watf found best to take as the solidifying point 
the temperature to which the thermometer lose during solidification. 
The following table exhibits some of Rudorif’s results — 


Substance 

Melting Point by 
Method e 
°C 

Solidu ying Point 
by Mftiiod /, 

°C 

Thebmometuu Rises 

Solidification to 

Cacao butter, . . 
Nutmeg butter, 

Mutton suet, 

Beef suet, . . 
Spermaceti, . . 
Yellow beeswax, 
White beeswax, 
Stearic acid, . . 

33 6 

70 to 80 (?) 

50 4 to 51 0 

46 6 te 47 4 

43 5 to 45 0 

43 6 to 44 3 

63 4 

618 

56 '0 to 56 6 

32 to 36 

SJ to 35 

43 4 to 44 2 

61 5 to 62 6 

61 6 

55 7 to 55 8 

27-4 

41 7 to 41 8 

50 8 

| Several degrees 


A rise of temperature during solidification was observed in the case 
of artificial mixtures, as well as in that of the natuial substances. It 
was exhibited by mixtures of spermaceti with stearic acid, and of 
paraffin with stearic acid, being piobably due to the constantly vary- 
ing composition of the liquid remaining after partial solidification. 

The usual melting and solidifying points of many oils, fats, and 
waxes, are given in tabular form later. 

The following is the A 0 A C method for determination of melting point — 
The materials required are —A piece of ice floating m recently boiled distilled 
water, and a mixture of alcohol and watei of the same specific gravity as the 
fat to he examined. This is prepared by boiling separately distilled water and 
95 per cent alcohol for ten minutes to remove the gases which they may hold in 
solution While still hot, the water is poured into the test-tube described below 
until it is nearly half full. The test tube is nearly filled with the hot alcohol, 
which is carefully poured down the side of the inclined tube to avoid too much 
mixing If the alcohol is not added until the watei has cooled, the mixture 
Will contain so many air-bubbles as to be unfit for use These bubbles will 
gather on the disk of fat as the temperatui e rises and finally force it to the top 
Tho apparatus (fig 7) consmts of — A thermometer reading easily and aecu 
rately to tenths of a degree , a cathetomcter ioi reading the thermometer (this 
may be done with an eyeglass If held steadily and properly adjusted) , a ther- 
mometer , a tall beaker 35 cm high and 10 cm. in diameter ; a test-tube 30 cm 
long and 3 5 cm in diametei , a stand for supporting the apparatus , some 
method of stirring the water m the beaker (for example, a rubber blowing-bulb 
and a glass tube extending to near the bottom of the beaker) 

The melted and filtered fat is allowed to fall from a dropping-tube from a 
height of from 15 to 20 cm on a smooth piece of ice floating in distilled water 
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that has been recently boiled The disks thus foimed are from 1 to 1 5 cm. in 
diameter, and weigh about 200 mg By pressing the ice under the water the 
disks are made to float on the surface, whence they are easily removed with a 
steel spatula, which should be cooled in the ice-water before using The test- 
tube containing the alcohol and water is placed in a tall beaker containing water 
and ice, until cold The disk of fat is then diopped into the tube trom the 
spatula mid at ouee sinks to 
the pait of the tube where 
the density of the diluted 
alcohol, is exactly equiva- 
lent to its own The deli- 
cate thermometei is placed 
in the test-tube and low- 
eied until the bulb is just 
abo\e the disk In order to 
secuie an even temperature 
in all parts of the alcohol 
mixture in the vicinity of 
the disk, the thermometer 
is used as a stuier The 
disk haying been placed in 
position, the water in the 
beaker is slow ly heated and 
kept constantly stiried by 
means of the blowing ap- 
paratus already desenbed 
When the tempeiature of 
the alcohol-water mixture 
rises to about 6° below the 
melting point, the disk of 
fat begins to shnvel and 
gi adultly lolls up into an 
irregiilai mass The ther- 
mometer is now low Lied 
until the fat pai tide is even 
w ith the centre of the bulb 
The bulb of tbe theimoin 
etei should be small, so 
as to indicate only the tem- 
perature of tbe mixture 
near the fat A gentle ro- 
tatory movement should 
he given to the theimometer bulb The rise of temperature should he so legu- 
lated that the last 2° of increment require about ten minutes The mass of fat 
gradually approaches the form of a sphere, and when it is sensibly so the read- 
ing of the thermometer is taken As soon as the temperatuie is taken the test- 
tube is lemoved from the bath and placed again in the cooler A second tube, 
containing alcohol and water, is at once placed in the bath The test-tube (ico 
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vatu Inning been used as a coolei) is of low enough temperature to cool the 
hath sufficiently Altci the hist ileti nnination, which should he only a, tnal, 
the tempi ratine of the hath should he so legulated as to leach a maximum of 
.limit 1 5° alim e the inciting point of the fat under examination The edge of 
the disk should not he allowed to touch the sides ol the' tube This accident 
rucly happens, hut in ease it should take place, aud the disk udliores to the 
sides of the tube, a new tnal should he made Tiiplicate determinations should 
ho made, and the set end and thud lesults should show a ncai agreement 

Relations of Fixed Oils to Solvents. 

Fats and oils aie, without exception, wholly insoluble in viatci and 
aqueous liquids geueiallj 

In cold alcohol the fixed oils aie but little soluble, as a mle, and the 
solid fats and waxes still less so. In boiling alcohol, liowevei,sorae of 
the fluid oils dissolve to a consideiable extent, especially if the solvent 
be anhyelious Quantitative statements lespecting the solubility of 
oils in alcohol are, however, geneially umehable, the solubility 
recoided being, m many cases, merely a lough indication of the pro- 
pel tion of free fatty acid which happened to be piesent m the sample 
examined The following statements cover all the general principles 
and reliable facts respecting the solubility of the fixed oils m alcohol : — 

1. Those oils containing the esters of lower fatty acids {eg , por- 
poise oil, coconut oil, butter fat) exhibit exceptional solubility in 
alcohol 

2. Those oils containing the estei of lmoho acid {eg , linseed aud 
other diying oils) aie eompaiatively leadily soluble m alcohol 

3 Castoi and croton oils dissolve with facility m alcohol, and are 
sharply distinguished by this chaiacter from the majouty of oils. 

In ether, chloroform, cm bon disulphide, benzene, and oil of turpentine 
the fixed oils dissolve with great facility, being in many cases miscible 
with those solvents in all proportions 

Petroleum spirit acts, in the majority of cases, like the solvents just 
mentioned , but castor oil constitutes a remarkable exception to the 
general rule, being practically insoluble in petroleum spa it and other 
pett oleum products (see “ Castor Oil”) 

The behavior of vanous fixed oils with glacial acetic add has been 
investigated by E Valenta ( Dingl polyt.J, cchi 296 ; Jour. Chem. 
Soc, xlvi 1078). Equal paits of the oil and of glacial acetic acid of 
1056 2 specific gravity are mixed, 1 and gradually heated with con- 
tinuous shaking, until complete solution takes place or the acid begins 

1 1 o o of tile sample of oil, pm lonsly moltod if necessary at a gentle heat, and tin 
equal measure of glncinl acetic acid mo convenient quantities to employ 
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to boil A thermometer is then immersed in the liquid, the tubs 
allowed to cool slowly, and the temperature lecorded at which the 
liquid becomes turbid. The writer lus tued this test on a numbei of 
oils He finds a slight variation in the stiength or proportion of the 
acid employed is not of importance ; and the temperature at which tur- 
bidity occurs with any particular specimen is readily observed and 
fairly constant Unfortunately the wntei’sexpeiience is not in accord 
with that ofVulenta as to the tuibidity-terapeiatures of particular 
oils, a fact that lenders it probable that a nioie extended experience 
will prove that diffeient specimens of the same description of oil give 
results showing consideiable variations. The discordant figures 
obtained by Valenta and the wntei for palm oil are probably due to 
the different pioportions of fieo acid in the samples; and the same 
explanation probably applies to Yalenta’s figures for gieen and yellow 
olive oil 

The following table shows the results both of Valenta and the 
author — 



Prom an inspection of the above table it would appear that olein is 
only with difficulty soluble in glacial acetic acid, and that the same is 
true of stearin. The discrepancy between the figure of Valenta and 
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that of the author for the turbidity temperature of palm oil makes the 
solubility of palmitin uncertain ; but it is evident that the esters 
of fatty acids lower than palmitic (as contained in porpoise oil, butter 
fat, coconut oil, laurel oil, nutmeg butter, <fcc ) dissolve with compara- 
tive facility. The author obtained remarkably constant results from 
several samples of butter, and it appears probable that further experi- 
ence may piove the method to afford a simple means of distinguishing 
butter flora butterine The incomplete solubility of rapeoil and other 
oils from the crueiferce, even at the boiling point of acetic acid, is note- 
worthy, as are the low figures found for linseed oil, mgerseed oil, and 
menhaden oil, as compared with those for the non-drying oils 

Valenta has also proposed to employ glacial acetic acid at 50° C. 
for distinguishing mineral oils from rosin oil, the formei being spa- 
ringly and the latter readily soluble in that reagent. 

Acr oicliug to Pcnrnmiu and Moot, u somewhat improved method of working 
this test is, wstcicl of using an oidiuaiy test tube, to use a short and somewhat 
thick test-tube into which a well fitting stopper has been ground Into this 
tube is weighed 2 75 grin of the fat , 3 c.c of the acetic acid is then ran in 
from a burette or other suitable arrangement The tube is then stoppered and 
placed in a beaker of warm water, increasing the heat until, after well shaking 
the tube, tlie contents become quite cleat The souice of heat is then lemoved, 
and the test tube so placed that it is in the centre of the beaker of heated water, 
and by means of athormometei attached to the tube by a rubber band the whole 
is allowed to rest until the change from brilliancy to turbidity. The change is 
very definite and can be repeated over and over again with a maximum error of 
about 0 26° C 

CONSTITUTION AND CHEMICAL PROPERTIES 
OF FATS, OILS, AND WAXES. 

The frits, fixed oils, and waxes aie esters of a series of acids mostly 
monobasic and called, fiom their sources, the fatty acids. The natural 
fats and fixed oils aie all esters of the triad radicle, tritenyl, C S H 6 
Their composition may be expressed by the general formula C S H 6 A 3 , 
in which A is a radicle of some acid From the fact that the radicle 
C S H S occurs m glycerol, it is sometimes called gli ijeyl or glyceiyl and 
the esters are often called glycendes The series that are mostly gen- 
erally represented in the natural fats and oils aie those having the 
general formula C„ II, (stearic acid series); C„H 2tt _ 8 O i (oleic acid 
series), C 0 H 2n _ 5 O a (linolic acid series); C B H /0 _ 3 0 2 (riciuolic acid 
series J. Tritenyl stearate, C 8 H 6 (CibH„iA), = C f „U U0 O«, is called tri- 
stearin, or, better, stearin, it is the chief constituent of mutton-fat 
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Similarly, olein is the principal component of almond, olive, and 
lard oils, and palraitin of palm oil. The esters of (homo) linolic and 
ricinolic acids respectively constitute the chief parts of linseed and 
castor oils Olein and linolin, being liquid, aie found most largely in 
the oils, -while stearin and palmitm constitute the major - portion of 
most fats 

With a few probable exceptions, the natural esters appear to con- 
tain three molecules of acid-radicle, but monostearate or monosteann, 
distearate or distearin, and similar bodies can be obtained by heating 
glycerol under piessure with the requisite proportion of fatty acid 
Japan wax appears to be an example of a natural ester containing 
only two atoms of the acid-radicle, C s H 5 (A)iOH, and the existence 
of other natural bodies of a similar kind is probable. In butter fat 
the molecule of tritenyl is probably united to different fatty acids. 

The constitution of some of the natural fats and oils is still uncertain, 
and it is possible that some of them are the esters of homologues of 
tritenyl, 01 may have a constitution of a wholly different nature. 

The waxes proper contain the esters of higher alcohols of the methyl 
senes- Thus, spermaceti consists chiefly of cetyl palmitate, CuH m - 
CioH 3 iOj, whilst Chinese wax, beeswax, and carnauba wax contain still 
higher radicles, and the last substance apparently a diatomic alcohol 
in addition. Sperm oil and bottlenose oil are chiefly composed of 
bodies having a constitution similar to that of the waxes. 

Iu addition to the esters which constitute the essential portions, 
most natural fats, oils, and waxes contain more or less of free fatty 
acids, and small piopoitions of coloring, odorous, resinous, and other 
matters, to which the characteristic colors, smells, and tastes are mostly 
due Small propoitions of cholesterol are sometimes present, and the 
list of these puuciples will be much extended as research progresses. 

Free Fatty Acids in natural fats and oils are usually products of 
the decomposition, owing to the presence of mucilaginous or albumin- 
ous matteis Oidinary butter, which contains casein, readily turns 
lancid and contains free butyric acid; but if all casein and water be 
removed by melting and filtering the butter, the butter-fat may 
be kept unchanged for a long time Over-treatment with sulphuric 
acid m the process of refining oils often lesults in the formation of free 
fatty acids Commercial oils which have been leflned by this proceBB 
aie apt to retain traces of free mineral acid. 

The proportion of free fatty acids is best determined by titration in 
presence of alcohol with standard alkali and phenolphthalein 

The proportion of free fatty acids m commeicial oils is often very 
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consul ei able — far largei than is commonly supposed Thus, in palm 
oil the free acid, calculated as palmitic acid, usually vimes fiom 12 to 
neatly 80 percent. In eighty-ume samples of olive oil intended for 
luhiicating use, L Aichbutt ( Analyst , i< 171) found from 2 2 to 25T 
of fiee (oleic) acid, the mean being 8 05 per cent 1 In the superior 
grades of olive oil the proportion of free acid is much smallei In 
rape oil the percentage of free acid is gcneially flora 1 5 to C per cent. ; 
but cottonseed oil, which is lefined by means of alkali, is generally 
fiee fiom any trace of acid s The pieseuce of free acid in an oil 
is doubtless the main, if not the only, cause of its tendency to act on 
metals, and therefoie seriously affects the suitability of the oil for use 
as a lubricant Burstyn found that the extent of the action of olive 
oil on brass was regulnily and duectly piopoitional to the peicentuge 
of the acid piesent The subject is considered more fully iu the sec- 
tion on ‘'Lubi mating Oils ” 


Saponification and Proximate Analysis of Fixed Oils. 


Fatly oih heated with water under a pressure of 8 to 12 atmo- 
spheres, or distilled with supeiheated steam, aie decomposed into fatty 
acids and glycerol. This method of decomposing fats is employed in 
the industrial production of fatty acids and glyceiol 

Many natural oils and fats decompose into fatty acids and glycerol 
in presence of traces of albuminous or other foieign matter The 
free fatty acids often present in commercial palm oil, olive oil, and 
tallow are due to this cause 

Decomposition occurs when a fatty oil is heated to 110° C , with 
about 8 pei cent, of concentrated sulphnnc acid. On wnslnng the 
product with hot watei, the sulphuric acid and glycerol aie removed, 
and the fatty acids separate in the form of an oily layer. 

Decomposition also occurs when a Tat or oil is Heated with basic 
oxides or hydroxides The change occurs moie readily with 3ome oils 
than with others, and is promoted by heat and by using alcohol 
O! glycerol as a solvent for the alkali. A salt (soap) of the fatty acid 
is produced, glyceiol being likewise formed. The soaps produced by 


lit Sfr per 


1 L Ai chbutt found that free acid, if present in greater propoitlo 

cent , unfitted olive oil foi buining in railway lamps, the wiok bccomi.. a 

S In a sample of porpoise oil wluoh had boon brought home in oontaetwitli the blubber, 
aijd wbioh had drauiod therefrom at thp ordinary temperature, the author found 9 02 por 
cent of free olotc acid, and in oil (tiom the same cargo) extracted by boiling the blubber 
■with water, tbo free acid amounted to 22 65 por cent 
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potassium, sodium, or ammonium hydroxide are soluble iu water, but 
most other soaps are insoluble 1 

Wax yields soaps and a monatomic alcohol, instead of glycerol. The 
decomposition is usually difficult, and a solution in alcohol or glycerol 
should be employed. 

Wheu an ester is split up into an acid and an alcohol, the change is 
called “saponification,” no mattei whether the agent effecting the 
change be water, an acid, or a base The term is even extended to 
the decomposition of ethers which do not yield fatty acids It is 
evident, therefore, that the saponification of fixed oils is a definite 
chemical reaction, precisely analogous to the decomposition of the 
ordiuary salts. 



Chitf Sources 

.Formula 

Il 

Prouccts of 
Saponhuc ATICP1, op 





*Acw' 

cenoc 

Tritenyl bntjiate 
(butyi in), 

Tutenyl valerate 
(\alenn), 

Bntter-iat, 

c,h s ic 1 h 7 o,)„ 

302 

87 44' 

30 46 

Porpoise oil, 
whale oil, 

C,H 5 (C 5 H 0 OPs 

344 

88 96 

26 77 

Tritenyl lauiate 
(laurm), 

Coconut oil, 
pilmuut oil, 

e 3 H 5 (C 1 ,H,Ak 

G38 

94 04 

14 42 

Tnteujl palmitate 
(palnutm), 
Tritenyl stearate 
(stearin), 

Palm oil, lard, 

C 3 H s (C 16 ff,A\> 

806 

95 28 

11 41 

Tallow, lard, 
cacao bntter. 

C 3 H 5 (C ld H Jj 0 2 ), 

890 

95 73 

10 34 

Tritenyl oleate 

(olem), 

Olive oil, al- 
mondoiljlard 
oil, 

C a H 6 (C 18 H,A' 3 

884 

95 70 

10-40 

Tritenyl eineate, 

Bnpe oil, 

WAOi),. 

1052 

96 39 

8 75 

Tritenvl linolate 
(lmolin), | 

Linseed and 
drying oils, 

CjH 6 ' C 1B IT ai 0 2 ) s , 

878 

95 67 

10 48 

Tritenyl ncmolate 
(rieinoleiu), 

Castor oil, 

c 3 h 0 (c 18 h 3 a) 3 . 

” 

95 92 

9 88 

Alcohol 

Cetyl palmitate. 

Spermaceti, 

c m h m c 16 h 31 o 2 , 

480 

63 33 

50-42 

Myrieyl palmitnte, 

Beeswax, 

Q m I f,,i C||H,A< 

676 

37 87 

64 79 

Ceryl cerotate, 

Chinese wax, 

c 2 ,H S5 c 27 h w o 2 , 

788 

52 03 

60 25 

Dodecatyl oleate, 

Sperm oil, 

CuAj CjaHjjOj. 

450 

62 67 

36 88 

Dodecatyl doeglate, 

Bottlenose oil. 

c 12 h 25 c,„h 3 a. 

464 

63 79 

35 78 


1 The method of sapomflontio 


; ouenan cly practised on a large scale consists 
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The foiegoing table shows the composition of the leading proximate 
constituents of fats, oils, and waxes, and the theoretic pioportious of 
fatty acid and alcoholic bodies resulting fioin then saponification — 
It is seen that, with the exception of butyrin and valenn, which are 
only found in small proportion m natural fats and oils, all the esters 
which foim the proximate constituents of fats and oils yield nenrly 
equal amounts of fatty acids on saponification, the amounts, if launu 
be excepted, being constant within a range of about 1 per cent 
Similarly the proportions of glycerol yielded lange within cumpaia- 
tively narrow limits Hence it may fairly be asserted that the major- 
ity of fats and oils yield, on saponification, from 95 to 96 per cent, of 
fatty acids, and about 10 per cent, of glycerol The esters of butyric, 
valeric, or lam ic acid contained in butter-fat, porpoise, and coconut oils 
respectively, yield a laiger propoition of glyceiol, while rape oil, con- 
taining an ester of erucic acid, yields a smaller proportion. 

The waxes yield much smaller propoitions of fatty acids, and, in- 
stead of glycerol, give large proportions of alcohols of the methyl 
series, as solid bodies insoluble in water. The nature and proportion 
of the products of saponification sharply distinguish the sperm and 
bottlenose oils from all other fixed oils of commercial interest 
The nature of the fatty acids produced on saponification is of im- 
portance in distinguishing the various fixed oils. Thus the drying oils 
yield chiefly linolic acid, CisHjaOj, or possibly a horuologue, Ci 8 H 31 O a , 
as a liquid product having a strong affinity for oxygen and combining 
with a large proportion of biomine or iodine, but not solidified by the 
action of nitrous acid. The non-drying oils mostly contain olein, 
which has comparatively little affinity for oxygen, and takes up less 
bromine or iodine than linolm, but is solidified by treatment with nitrous 
acid. Rape oil contains erucm, which is not solidified by nitrous 
acid, and has a very high molecular weight. All the foregoing and 
their homologues yield lead salts soluble in ether. On the other hand, 
the higher esters of the stearin series yield lead salts insoluble in ethei, 
are solid at ordinary temperatures,, and do not assimilate bromine or 
iodine. The acids derived from fewer members of the series (e g , 
butyric and valeric) are soluble in water, and some of them volatilise 
to a notable extent in a current of open steam. Butter-fat, porpoise 
and coconut oils contain esters of these soluble or volatile fatty acids 
and yield larger proportions of glycerol than most other fixed oils 

in treating the fat in a olosed vessel with 2 or 3 per cent, of lime,*and driving In steam at 
a pressure of 8 to 10 atmospheres. In some works magnesia or sino oxide is substituted 
far the hmo. 
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The proportions of fatty adds obtained from the various fixed oils 
fully bear out the foregoing theoretic views, but owing to the difficulty 
which, till recently, attended the accurate determination of glycerol, 
discordant statements have been made as to the proportion obtained, 
and various theories have been advanced to account for the supposed 
deficiency 

The following table gives the percentage of glycerol produced by 
the saponification of various oils and fats, as ascertained by the per- 
manganate process (see “ Glycerol ”) . — 



These figures are very instiuctive. They negative the statement of 
Konig, who could obtain no glycerol by saponifying ont-fat/ and but 
little from linseed oil They also contiovert the extraoidinary asser- 
tions of Hammerbocker and Lehmann that coconut oil consists chiefly 
of ftee fatty acids. It actually yields more glyceiol than the majority 
of oils, owing to the presence of lauiin and other esters of compara- 
tively low molecular weight. 

1 The pnlro oil contained n considerable quantity of laity acid Tbo figures for bottle- 
nose, olive, rape, and sesame oils were obtained in tbo author’s laboratory by the use of 
methyl alcohol, whioh experiment subsequently showed was not of satisfactory punt) 
Hence these results aro probably somewhat in excess of tbo tiuth The othm figures of 
the author were obtained with aqueous potash, and hare a tendency to bo bolow the truth 
Benodikt and Zsigmondy used methyl alcohol Fox and IVanklyn rocoumiond. saponifi- 
cation in presence of ethyl alcohol, whmh would give excessive results, but they have not 
published any figures 

5 The ont-fat analysed was prepaied in tho writer’s laboratory by extinctlng oatmenl 
with ether It contained froa fatty acid corresponding to 46 3 per cent of oleic and 
Tho total fatty acnls amounted to 95 18 per cent , and had a combining woight of 291 7 
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.The piopoitions of gl^eeiol obtained in the author's laboratory by 
the analysis of Japan wnx aie higher than have been observed in the 
case of any other natuial fat. 

To effect Saponification foi general purposes of chemical analy- 
sis an alcoholic solution of caustic potash is by fai the most convenient 
reagent As the piocess is fiequently employed, it is desiiable to 
desciibe it once foi all. 

An alcoholic solution of alkali is prepared by dissolving 80 grm of 
good caustic potash in 1 litre of methylated spirit, which has been pre 
viously redistilled with a little caustic alkali It is desiiable to dehy- 
drate the' spirit by keeping it over a large excess of dry potassium 
carbonate. About 5 gi m. of the clanfied fat oi oil are exactly weighed 
in a 4 oz wide necked flask, tieated with 25 to 30 c c of the solution 
of alkali in spmt, and the flask closed with a cork fitted with a loDg 
tube The flask is heated ovei boiling water, and as soon as the spirit 
boils the contents aie mixed by circular agitation. In most cases the 
whole of the oil will rapidly disappear, forming a clear solution of 
soap, which may be further heated foi a short time with occasional 
agitation, to ensure the complete saponification of the fat. The cork 
is then removed and the alcohol evaporated off In the presence of 
uimpomfinble oil the contents of the flask should be allowed to boil 
until nearly dry, and the residue treated with 25 cc of spirit, and 
again boiled down In cases where there is no danger of loss of hj dro- 
carbon oils, or ethers of lower fatty acids, by incautious treatment, 
the saponification and subsequent evaporation can be satisfactorily 
conducted iu a hemisphencal porcelain basin, placed over a small 
naked flame The mixture is well stirred with a glass rod, and 
kept gently boiling until the alcohol is nearly driven off and the 
residual liquid froths strongly By this time the whole of the oil 
should have disappeared, but, if incomplete saponification besuspected, 
10 c o. of alcohol may be added, and the evaporation repeated To 
ensure the saponification of butter-fat, codhver oil, the waxes, and 
other substances difficult to decompose, it is better to place the sample 
and alcoholic solution in a strong 200 c.c. bottle, closed by an india- 
i ubber stopper firmly fastened by wire. The bottle is thin kept at 
100° C , and frequently agitated during half an hour, or until no glo- 
bules of oil* can be seen, when it is opened, and the contents rinsed 
into a basin and evaporated over boiling water till the alcohol is 
expelled Special precautions for ensuring the saponification of waxes 
are described in the section on “ Beeswax.” 
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Considerable use is now made of a method ot saponification by means of mi 
alkaline glycerol solution, which pci nuts of the employment of a high tempera- 
ture and enables the saponification to be efleetcd moie rapidly and comtdttely 
(See Alkali-glycerol Process ) 

Separation of the Products of Saponification. — The solution 
of soap, freed m the foregoing nmmiei from alcohol, should then be 
diluted with warm water till it measmes 70 to 80 ce A perfectly 
clear solution will usually he obtained if a pure oil has been used and 
the process has been successfully conducted, but waxes, and mixtuies 
containing hydrocarbons and other foreign matters, will give a solu- 
tion containing solid matter, or oily globules m suspension. These 
admixtures may usually be removed and determined by agitating the 
soup solution m a glass separator, with an immiscible solvent, ether 
being the most geneially suitable for the purpose 1 The ethereal layei is 
then separated, evaporated, and the residue weighed The best method 
of manipulation is described later Cholesterol and other unsa- 
ponifiable matter are present m small proportion even in some of the 
purest fatty oils 1 

If ethei has beeneraployed.it should be removed by keeping the 
soap solution at a gentle heat foi some time On then ti eating the 
solution with an acid, dilute sulphuric acid being generally preferable, 
a milky precipitate is produced, winch, on wanning the liquid, will 
collect into globules and foim an oily layer on the surface This 
layer consists of the faity acids produced from the oil. These acids 
differ from the original esters in being soluble in alcohol, the solution 
having an acid reaction, and decomposing the carbonates of the alkali- 
metals, liberating carbon dioxide and framing soaps 

Fatty acids me, as a rule, almost wholly insoluble in water and not 

tOwing to tko limited solubility of mvne>l alcohol in most solvents, tho method de- 
scribed in the text 13 attended with piuotieal difficulties in tho case of beeswax and oai- 
nauha wax, though it is admirably adapted for tho anal} sis of spormaciti If tho removal 
ot the separated highor alcohol by an immiscible solvent bo found impracticable, .tho solu- 
tion of the soap should be treotod with acetio acid m quantity just sufficient to destroy the 
pink coloration produced by phcnolphthalein, and the solution precipitated by lead aie- 
tate Tho precipitate Bbould be washed, dnod, mixed with sand, and tho wax-alcohol 
dissolved by boiling petroleum spirit, 

s In rigidly nccurato experiments it is desirable to treat the unsapomfied residue in the 
same manner as the original oil, as traces of fat are liable to escape saponification by a 
single treatment If tho residue left on evaporating the ethereal solution bo treated with 
a little hot alcohol, the solution filtered hot, and tho filtrate ooolod, and, if nece-snry, 
allowed to evaporate spontaneously, orystalline plates of cholesterol will often bo deposited 
Wool fat contains a considerable proportion of cholesterol, ond tho writer has proved its 
presenoe, by the above method, m butter-fat, codlivor oil, &c 
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sensibly volatile at 100° C., but from butter-fat, coconut oil, palninut 
oil, porpoise oil, and some others a notable amount of the lower fatty 
acid3 is obtained, aud hence the acids from these souices are partially 
>>oluble in watei.and capable of distillation with water at 100° C 
For obtaining these soluble or volatile acids fioro oils, the soap solu- 
tion is acidulated with sulphuric acid m the manner already describee^ 
and the aqueous liquid separated from the layer of fatty acids, and the 
latter several times boiled with a oonsiderable quantity of water in 
a flask furnished with a long tube or inverted condenser. The liquids 
resulting from these operations are separated from the insoluble fatty 
acids, which it is desirable to again boil with a moderate quantity of 
water, whilst driving a current of steam through the flask in which 
they aie contained, collecting the distillate, and treating it like the 
washings 1 The acidulated aqueous liquid first sepaiated from the 
layer of fatty acids is then distilled to small bulk, and the distillate 
exactly neutialised with a standard solution of sodium, or barium, 
hydroxide, using phenolphthaleiu as an indicator. The first washings 
from the insoluble fatty acids are then added to the contents of the 
retort, and the liquid again distilled to a low bulk, the process being 
repeated with the succeeding washings The different distillates ob- 
tained should be titiated separately with decinormal standard alkali 
and phenolphthaleiu, as, in this manner, with but little extra trouble, 
the progress and completion of the washing, &o , can be followed, and 
useful information obtained as to the probable nature and relative 
proportions of the lower fatty acids present. 

The several neutralised distillates may now be united and evapo- 
rated gently to dryness, the residue being dried at 100° C till con- 
stant It consists of the sodium oi barium salts of the acids which 
passed over in the preceding distillation. If the total volume (in c c ) 
of normal soda employed for the neutralisation be multiplied by 0-022, 
or the volume of normal baryta solution by 0 0675, and the number 
so obtained be subtracted from the gross weight (in grams) of the dry 
residue, the difference will be the weight of the volatile fatty acids 
Their mean combining equivalent will be found by dividing their 
weight by the volume (in c.c.) of normal alkali required for their 
neutralisation 

A further examination of the volatile fatty acids can be made by 

1 When coconut or pnlmffut oil la treated m thia manner, the distillate will be found to 
oontain laurio aoid, whioh, though almost insoluble in water, is volatile in a current of 
stoam. It may be separated from the moio soluble volatile fatty aoida by filtering the 
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distilling the barium or sodium salts with phosphoric or diluted sul- 
phuric acid, and examining the distillate as indicated in vol 1, p 485 

et seq. 

A very useful method of examining fatty oils for volatile acids has 
been devised by Reichert It consists in distilling over an aliquot 
pait of the acidulated solution of the saponified sample, and titrating 
the distillate with standard alkali. The details of the manipulation 
and the results yielded by different oils will be given later 

The foregoing method of isolating the lower fatty acids is not in 
practice so tedious as might be supposed; and in cases where the oil 
under examination is known not to contain any appreciable quantity 
of esters of the lowei acids, the treatment for their isolation may be 
wholly omitted, and the insoluble fatty acids are practically identical 
with the total fatty acids liberated on adding a dilute mineral acid to 
the aqueous solution of the soap. The oily layei thus obtained should 
be shaken several times with watm water, or until, after separation, 
the aqueous liquid is no longer acid to litmus. The subsequent 
tieatment of the insoluble fatty acids will depend on the nature 
and extent of the information lequhed. In some cases it will be 
sufficient to add alcohol and titrate with standard alkali and phenol- 
phthalem If the fatty acids aie to be weighed, the best mode of 
operating is to run them from the separator into a small paper filter 
previously wetted with hot water The funnel containing the filter is 
placed in the mouth of a small dry beaker, and the whole heated in 
the water-oven. As the filter dries, the gieater part of the fatty acids 
will pass through the paper into the beakei When no more drops 
through, the funnel is removed to a small dry flask, and the acids 
adhering to the separator or other vessels removed by means of ether, 
cat boa disulphide, or benzene The solution thus obtained is poured 
into the filter and caught in the flask below. A fiesh quantity of the 
solvent is used to effect complete solution and removal of the fatty 
acids from the filter, these washings also being allowed to run into the 
flask. The solvent is then distilled off by immeising the flask in hot 
watei, and the residual fatty acids further dned by blowing a cunent 
of air through the flask till they begin to lose weight, or till all odor 
of the solvent has disappeared. The weight of fatty acids thus deter- 
mined is added to that of the mam quantity contained in the beaker, 
and the sum gives the insoluble fatty acids m the amount of fat em- 
ployed for the analysis 1 In most cases the determination of the total 

1 Ttso method of ticnting the insoluble Cutty lipids described in the text possesses several 
advantages Tims tliogientcr [ru t is atoneoobtnned in a filtered nnd perfectly dry state 
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insoluble fatty acids is sufficient, but, if desired, a further proximate 
analysis can be made by the methods indicated in the section on 
“ Higher Fatty Acids.” 

The acidulated aqueous liquid remaining after the isolation of the 
insoluble fatty acids, and the removal of any volatile fatty acids by 
distillation, contains glycerol, which may be isolated by exactly neu- 
tralising the fiee acid with potash, evaporating the solution to dryness 
on the water-bath, and exhausting the residue with alcohol. On filter- 
ing and evaporating the alcoholic solution, the glycerol is obtained as a 
sweet syrupy liquid, which may be further puufied by tieatment with 
a nnxtuieof alcohol and ether and evaporation of the filtered solution 
Although glyceiol resulting fiom the sapomGcation of oils may bo 
readily isolated m tins manuer, the results obtained are only veiy 
roughly quantitative, owing to the loss of glycerol during the several 
evaporations 1 The detei mination of the glycerol pi oduced by saponi- 
fication is most accuiately effected by detei mining the oxalic acid pro- 
duced by its oxidation with pet roauganate, as described in the section 
on “ Glycerol ” 

The following table shows in a condensed form the general process, 
just described, for the sepaiation of the products of saponification of 
genuine fixed oils. The method of determining foreign additions to 
fixed oils is desenbed in a separate section. 


Saponify the oil, e\aporate off iho alcohol, dissolve the residua] soap In water, and agitate the 
solution with cl her | 

Ethfui ah Solij- 
tiun coritalnu efto- 
leilaoly ocai - 

hons, nnviponijied 
oil , ami hlgftei at - 
coh oh (from w axes, 
sptrui oil, Ac ) 

Aquiour Laykr AUdulale with dilute sulphuric acid, and wash 
liberated fatty acld« with boiling not water 

Oil y Lav rn eonsislsof <n- 
ttohible fatty <u i,h, which 
may bo converted Into 
lend compound-., and 
these then treated with 

Aqueous Liquid on distillation gives— 

lower fatly acid s', 
such as butyric, m- 
lerlc i caproiOt lau- 

and further exam- 
ined by fractional 
distillation, &c 

In KnoitT.Hiinqiieous 
liquid, which, v hail 
nctitiaUsoU, citrelul- 
ly evaporated to dry- 
ness, and the residue 
treated will, clher- 
alcoliol, gives a solu- 
tion of qlyeoal, left 
as n sweet syrupy 
liquid on evnporil- 
ing the solvent, but 
which Is more accu- 
rately detei mined in 
o separate portion by 
oxidation 

SOLUUTjK in 
Enron 
Lead com- 
pounds of 

OllCy hnohdy 

hypogeic 
acids, &q. 

Insoluw K 

IN i/rurR 
Lead com- 
pounds of 
nyrislu , pal- 

arui^vha x 
Cei olio acids , 
Ac 


i Even if the distillation for removal of the volatile fatty Hauls be omitted, and every 
possible precaution bo taken to avoid loss by volatilisation, the results are usually con- 
siderably below the truth. 




Saponification Equivalents of Oils. Koettstorfer’s Process — 
The saponification of fatty oils being a perfectly defiuite reaction, not 
only can the proportions of fatty acid and glycerol produced from any 
particular ester be calculated, but the propoition of alkali required for 
the saponification can be similarly ascertained from the general equa- 
tion .— C s H n A a + 3KOH = C 3 H 5 (PH)a + 3KA Conversely, if the 
proportion of alkali required to effect the saponification of a particular 
oil be accurately determined by experiment, the nature of the ester 
present can be inferred From the above equation it appears that 1 
molecule of a tritenyl eater requites 3 molecules of alkali for saponifi- 
cation. The number of parts saponified by 1 molecule of alkali will 
therefore be one-third of the molecular weight, but in the case of the 
ester of a monatomic alcohol, the number will be identical with the 
molecular weight This figiue, which really lepresents the number of 
giams of an oil saponifiable by one equivalent in giamsofany alkali, or, 
in other words, the numbei of grams of nu oil which would be decom- 
posed by 1 litre of a noimal solution of any alkali, is conveniently 
designated the “saponification equivalent” of an oil, and may in all 
esses be found by dividing the percentage of potassium hydroxide 
(KHO) required for saponification into 5(510, or the percentage of 
sodium hydioxide into 4000. The expiession of the neutralising 
powci of oils m saponification equivalents has the advantage of being 
applicable to the results of saponification by auy alkali, whilst the 
percentages of caustic potash required for complete saponification are. 
not dnectly comparable with the figures obtained if soda be the alkali 
employed 

The following table shows the application of both modes of expres- 
sion to the chief esters occurring as constituents of the natural fata 
and oils As already stated, the saponification-equivalents of 
the monatomic esters are identical with their molecular weights, 
while those of the tritenyl esters are one third of their molecular 
weights — 
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Substance 

Chief Sources 

op Causiic Potash 
(K ircObrQuiRLD 

EwivIIwt, 

Butyrin, . ... 

Butter-fat, . . 

55 73 

100 67 

Valerm, 

/ Porpoise, dolplnn, ) 
l and whale oils, / 

48 92 

114 67 

Laurin, . . 

J Coconut and palm-) 
\ nut oils, . . . j 

26 38 

212 67 

Falwitm, , . . 

Palm oil , lard, 

20 88 

268 67 

Stearin, 

/Tallow; lard, ca-\ 
\ cao butter, / 

18 91 

296 G7 

Olein, . . . 

/ Olive, almond, and 1 
\ lard oils, . . / 

19 04 

294 67 

Eruian, . .... 

Rape oil, . , . 

16 00 

350 67 

Liuoliu, . . 

J Linseed and other \ 
l drying oils, J 

21 20 

264 67 

Isohnolm, . . 

Linseed oil, . . 

1917 

292 67 

Ricmolw, ... 

CastoT oil, 

18 06 

310 67 

Cetyl pal nutate, . . 

Spermaceti 

11 69 

480 

My'ncyl pal nutate, 

Beeswax, . . 

8 30 

676 

Ceryl cerotate, 

Chinese wax, 

7 12 

788 

Dodecatyl oleate, . 

Sperm oil, 

12 47 

450 

Dodeeuty] dceglate, . 

liottleuose oil, 

12 09 

464 


These figures show that very striking and characteristic differences 
exist between the saponification equivalents of the various bodies In 
practice, howevei, it rarely happens that an oil consists of a single 
ester m a state even of approximate purity, and hence the saponifica- 
tion equivalents of the natural oils are the resultants of the equivalents 
of their constituent bodies, and the quantitative value of the detei- 
tni nation is reduced. Nevertheless, the peculiarity of constitution of 
many of the natural fats and oils may still be lecogmsed in the follow- 
ing table, which gives the percentages of caustic potash requued by, 
and the saponification equivalents of, a large number of samples The 
table contains results obtained by Koettstorfei (K.), F. W. and A 
F Stoddart (S.), L Archbutt (LA.), E Valenta ( V.), It. Moore (M ), 
Hubl (HI.), O. Heli n ei (H), W. H. Deering (D), and the authoi 
(A,). In many instances the figures are the average or extreme 
results yielded by the examination of a large number of samples. A 
further experience of the process will doubtless show that the limits 
stated in the table m many instances require modification. 
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On inspecting the results recorded in the foregoing table, it appeals 
that the members of Gmup A, consisting of olein with comparatively 
little steal in or palnutin, neutialise appieciably equal quantities of 
potash, whether of animal 01 vegetable 01 igin. On the other hand, 
the members of Gioup B, all of which are deiived flora ciucifeious 
plants, neutialise sensibly less alkali than those of Gioup A, a fact 
which is explained by the piesenee of a consideiable propoition of the 
ester of eiucie acid, or other higher homologues of oleic acid In the 
case of the drying oils, the saponification equivalents aie not charac- 
teristic, but they point to the piobability of linohc acid having a higher 
molecular weight than that commonly attnbuted to it. The ruaiine 
animal oils, Gioup D, do not yield very chaiacteristio lesults, except 
in contrast with the figmes of Gioup G, the members of wliich do not 
contain tntenyl, but consist essentially of esters of monatomic alcohols, 
Porpoise oil isiemaikable foi the notable piopoition of valerin con- 
tained in it, and hence for its compniatively high neuti aiming power, 1 
Of the solid fats, those of Gioup E lesemble porpoise oil in contain- 
ing esters of lowei fatty acids, and hence possess lower saponification 
equivalents than the oils of Gioup F, winch consist essentially of 
variable mixtuies of palruitm, steai in, and olein 

The peculiar constitution of the true waxes (Gioup H) is indicated 
by their limited power of neutralising alkali, while the figuies recoided 
for the unclassed oils are equally mstiuctive, and aie discussed at 
gi eater length in the special sections dealing with these bodies. 

As hydrocarbon oils do not react with alkali, the proportion of these 
oils in admixture with fatty oils can be deduced from the amount of 
alkali requisite for the saponification of the sample. Thus, if a sam- 
ple of so-called linseed oil requite only 9 5 per cent of KHO for its 
saponification, instead of 19 0 per cent., it may be assumed to contain 
50 per cent of hydiocaibon oil. 

The Determination of the Saponification Equivalent of an oil is best 
effected in the mannei described by Koettstorfer ( Zcits . Anal, Chem , 
1879, p. 199), who applied it originally to the analysis of butter. The 
following are the details of the operation — About 2 5 grin of the 
sample, accurately weighed, are treated with 25 cc. of approximately 
seminormal solution of potassium hydroxide in alcohol, 2 in a flask 

1 An ester of valerio aoid also exists to a qonsidorable evtont In whale oil, blackfish oil, 
and dolphin oil Clievroul obtained from the last-named oil as muah as 20 9 per cent ol 

2 The alcohol employed for making the solution should be previously dehydrated by 
keeping it over an exoosn of dry potassium carbonate Methylated spirit may be used if 
it be first distilled with a little cnnstla potash 



FIXED OILS AND FATS. 


57 


fitted with a long vertical tube. The flask is heated on the water-bath 
foi about half an hour, or until complete solution of the fat takes place, 
and the saponification is judged to be complete. The opeiation is 
greatly expedited by subjecting the contents of the flask to frequent 
agitation. One e c. of an alcoholic solution of phenol phthalein is then 
added, and the liquid titrated with seminorraal hydiochloric acid ; 
25 cc. of the potassium hydroxide solution, very carefully measured, 
should then be similarly treated without addition of fat, and titrated 
with hydrochloric acid in the same way as befoie The difference 
between the volumes of standard acid used m the two testings gives 
the number of cubic centimetres conesponding to the alkali neutial 
lsed in saponifying the oil. Each cubic centnnetie of seiumormal 
hydrochloric acid (= 18 25 grin HCl per litre) thus employed repre- 
sents 0 02805 of KHO, whence the pci centage of potassium hydroride 
required to saponify the oil can readily be ascertained The saponi- 
fication equivalent of the oil is found by dividing the weight of the sam- 
ple employed, expiessed in imlligiams, by the number of cubic 
centimetres of noinial (not senunoimal) acid corresponding to the 
alkali neutralised by the oil. If the percentage of potash required be 
known, the saponification equivalent can be found by dividing tins 
pei cent age into 5610 

A further lefinement of Koettstorfer's process consists in ascertain- 
ing sepaiately the amounts of ulkah required for ueutialisiug the free 
fatty acids and foi saponifying the neutral esteis of the sample. A 
notable instance of the value of tins mode of examination is the 
assay of beeswax by Helinei’s method It should always be em- 
ployed when a wax or other substance difficult to saponify is under 
tieatment 

In employing this method of examining fatty oils, it is necessary to 
use alcoholic alkali as free as possible fiom color, as any yellow or 
biownish tint matennlly affects the delicacy of the aeid-ienctiou with 
phenolphthalein , under favorable conditions, the change from pink to 
yellow is very sharply marked. Carbonic acid, however, senously in- 
fluences the reaction; and hence the saponification and titration 
should be conducted with as little access of air as possible It is abso- 
lutely necessary to ascertain the strength of the alcoholic alkali from 
day to day, as such solutions rapidly alter, and the mere heating is 
liable to cause a slight change in the neutralising power Standard 
sulphuric acid cannot be conveniently substituted for the hydrochloric 
acid recommended for the ti nation, as its employment causes a precipi- 
tation of sulphate, which masks the end of the leaction 
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Distillation Process. — A useful method of examining fats and 
oils consists in determining the amount of alkali required to neutralise 
the volatile fatty acids This method of examination is due to Hehner 
and Angell, and waB developed by Reichert, by whose name it is usually 
known Its value has been fully confirmed, but as the process is an 
arbitrary one, only about four-fifths of the entire volatile fatty acids 
obtainable from butter being found in the distillate under the condi- 
tions of operation, it is necessary to adhere to the following procedure • — 
Saponify 2 5 grm. of the fat with 25 c.c of approximately seminormal 
alcoholic potassium hydroxide, by beating it in a closed bottle or flask 
fitted with a long tube, as described on page 56. Transfer the product 
to a porcelain basin, and evaporate off 1 the alcohol completely at a steam 
beat Dissolve the residual soap in water, add dilute sulphuric acid 
in slight excess, dilute the liquid with water to 75 cc , add some frag- 
ments of pumice coiled round with platinum wire, and distil gently till 
50 c c. have passed over. Filter the distillate, if not quite free from 
white flakes or oily globules, wash the filter with a little hot water, 
and titrate -the cleai solution with decinormal caustic alkali, using 
phenolpbtbalein as an indicator’ The number of cc of ^ alkali 
required is called the “ Reichert number” of the substance 

The following table shows the results yielded by several substances 
when assayed by the distillation process. In the first column of 
figures is given the number of centimetres of decinormal alkali 
required to neutralise the volatile acids in the distillate from 2 5 grm. 
of oil, and in the second the parts of potassium hydroxide neutralised 
by the distillate from 100 grm of oil The second number is obtained 
by multiplying the first by 0 2244. 

It is evident that the fats of milk (butter-fats) are distinguished 
from nearly all other fats by the large proportion of esters of the 
soluble volatile fatty acids. The most remarkable exception is that, of 
porpoise oil, and sometimes whale oil; from the former the wntei 
obtained 5 per cent, and Cbevreul as much as 9 63 per cent, of valeric 
acid. Valeria appears to replace in porpoise butter the butyrm of 
the butter of terrestrial mammals. 
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Meissl employs doable the quantity of fat (5 grm ) for the determination, and 
obtains a figure about 2 2 times as great os that of Reichert Wollny (,I SCI, 
1887, 831) has pointed out the following sources of error in the process —(1) Ab- 
sorption of carbon dioxide during the saponification, introducing an error up 
to 10 per cent , (2) formation of esters during the saponification, causing a loss 
of 8 par cent , (3) formation of esters during the distillation, with a possible 
loss of 5 per cent , (4) coherence of the fatty acids during distillation, which 
may, in some cases, invohe loss up to 30 per cent , (5) the form and siae of the 
distillation apparatus and the rate of distillation, which may influence the result 
to the extent of 5 per cent 

The following official process of the A 0 A C is essentially the method as 
recommended by Wollny The extent, however, to which the results may be 
influenced by the above mentioned sources of eiror has been shown to be greatly 
overestimated 

Apparatus and Reagents 

Sodium liyth o.itdc solution — One hundred gim of sodium hydroxide are dis- 
solved in 100 c c of distilled water The sodium hydroxide should be as fiee ns 
possible from carbonates, and be preserved out of contact with the an 
Alcohol, of about 95 per cent , redistilled with sodium hydroxide 
Acid — Solution of sulphuric acid contaimug 25 c c of strongest sulphuric 
acid in 1000 c c of water 
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Barium hyrhoude — An accurately standardized, approximately decmormal 
solution of banuin hydi oxide 

Initnatoi — One grm of plienolphthalcin m 100 c c of alcohol 

Saponification flasks, of from 250 to 300 c c capacity, of haul, well-annealed 
glass, capable of resisting the tension of alcohol vapor at 100° C 

Pipette graduated to delivei 40 c c 

Distilling appaiatus 

Bm ettc — An accurately calibrated burette, reading to tenths of a cubic centi- 
metre 

DetIcrminatiou 

Weighing the fat, — The butter or fat to bo examined should be melted and 
kept in a dry, warm place, at about 60° for two or thiee hours, until the water 
and curd have entnely settled out The clear, supernatant lat is poured off and 
filtered through a diy filter-paper in a jacketed funnel containing boiling water. 
Should the filtered fat, in a fused state, not be perfectly clear, itanust be filtered 
a second tune 

The saponification flasks are prepared by thoroughly washing with water, 
alcohol, and ether, wiping perfectly dry on the outside, and beating for one hour 
at the temperature of boiling water The flasks should then be placed m a tray 
by the side of the balance and covered with a silk handkerchief until they are 
perfectly cool They must not be wiped with a silk handkerchief within fifteen 
oi twenty minutes of the time they are weighed The weight of the flasks hav- 
mg been accurately determined, they are chaiged with the melted fat in the 
following way — 

The pipette with a long stem, marked to deliver 6 75, is warmed to a tem- 
peratuie of about 50° The fat, having been poured back and forth once or twice 
into a dry beaker m order to thoroughly mix it, is taken up m the pipette and 
the nozzle of the pipette carried to near the bottom of the flask, having been 
previously wiped to remove any adhering fat, and 5 75 c c of fat are allowed to 
flow into the flask. After the flasks have been charged in this way they should 
be re-coveied with the silk handkerohief and allowed to stand fifteen or twenty 
minutes, when they are again weighed 

Saponification — Ten cc of 95 percent alcohol are added to the fat in the 
flask, and then 2 c c of tho sodium hydroxide solution A soft cork stopper is 
now inserted in the flask and tied down with a piece of twine The saponifica- 
tion is then completed by placing the flask upon the water- or steam-bath. 
During the saponification, which should lastonehour, the flask should be gently 
rotated from tune to time, bung careful not to project the soap for any distance 
up to its sides At the end of an hour the flask, after having been cooled to 
near the room temperature, is opened 

Itemoval of the alcohol — The stoppers having been laid loosely in the mouth 
of the flask, the alcohol is removed by dipping the flask into asteam-hath The 
sleam should cover the whole of the flask except the neck After the alcohol is 
nearly removed, frothing may be noticed in the Boap, and, to avoid any loss from 
this cause or creeping of the soap up the sides of the flask, it should be lemoved 
from the bath and shaken to and Iro until the fiothiug disappears The last 
traces of alcohol vapor may be removed from the flask by waving it briskly, 
mouth down, to and fro. 
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Dlaaoloing the soap — After tlie removal of tlie alcohol the soap should be dis- 
solved by adding 100 c c of recently boiled distilled water, warming on the 
steam-bath with occasional shaking until solution of the soap is complete 

Setting fiee the fatly acids — When the soap solution has cooled to about 60° 
or 70°, the fatty acids aro separated by adding 40 c c of the dilute sulphuric 
acid solution mentioned above 

3Iellmg the fatty acul emulsion — The flask should now bestoppeied as m the 
first instance, and the fntty acid emulsion melted by replacing the flask on the 
steam-bath. According to the nature of the fat examined, the time required for 
the fusion of the fatty acid emulsion may vaiy from a lew minutes to several 

Distillation, — After the fatty acids are completely melted, which can be deter- 
mined by their forming a tiansparent oily layei on the surface of the watei, the 
flask is cooled to room temperature, and a few pieces of pumice-stone added. 
The pumice-stone is prepared by throwing it, at a white lieut, into distilled 
watei, and kcoping it under water uutil used The fla'-k is now connected with 
a glass condenser, slowly heated with a inked flame until ebullition begins, and 
then the distillation continued by regulating the flame in snch a w iv as to col- 
lect 110 c c of the distillate in, a« nearly as possible, thuly minutes The 
distillate should be received in ft flask nccuintelv marked at 110 c e 

TthaOon of (he volatile aculs — The 110 c c of distillate, after thorough mix- 
ing, are filtered thiongli perfectly diy filter-paper, 100 c c of the filtrate poured 
into a beaker bolding from 200 to 230 c c , 0 5 c c pbenolphtliftlcm solution 
added, aud dociuormal barium hydioxide run in until a led color is pioduced, 
The contents of the beaker tiro then lotnrued to the measuung flask to remove 
any acid lenmming therein, poured ogam into the beaker, and the titration con- 
tinued until the led color produced remains apparently unchanged for two or 
three minutes The number of cubic centimetres of decinornml barium hydroxide 
required should be met eased by one-tentli. 

Allali-glycei o! method — The following process, onginally devised hyLeffmatm 
and Beam for the saponification of butter and butter substitutes, is applicable to 
fats and waxes generally aud will be found accurate and convenient The 
Statement made by some of the members of the A O A. C that the glyceTol is 
liable to be converted into snlts of volatile acids has been disproved by several 
investigators 

The following leagents aie reqmred — 

Glyccrol-soda — One hundred grin ot pure sodium hydroxide are dissolved in 
100 c.c of distilled water and allowed to stand until clear Twenty c c of this 
Solution are mixed with 180 c c of pure concentrated glycerol. The mixture 
can be conveniently kept nj a capped bottle holding a 10 c c. pipette with a 
wide outlet. 

Sulphui ic acid, — Twenty e c of pure concentrated sulphuric acid made up with 
distilled water to 100 c c 

Ba iiutn hydroxide — An approximately decinoimnl, accurately standardized 
solution of barium hydroxide 

Indicator — An alcoholic solution of phenolphlhalefn 

In the case of butter, about 50 grin of the Bample are placed in a beaker 
and heated to a temperature of 60° to 60° C until the water and the curd have 
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settled to the bottom The clear f.it is then poured on a warm dry, plaited 
filter and kept In a warm place until 25 or 30 c c have been collected. If the 
filtrate is not perfectly clear, it should he reheated for a short time and again 
lilteied 

A 300 c c flask is washed thoroughly, nnsed with alcohol and then with 
ether, and thoroughly dned hy heating in the watei oven After cooling, it is 
allowed to stand for about fifteen miuntes and weighed A pipette, graduated 
to 5 76 c c , is heated to about 60° C and filled to the liiaik with the well-mixed 
fat, which is then mu into the flask. After standing lor about fifteen minutes, 
the flask and contents aie weighed Twenty c c ot the glyceiol soda are added 
and the flask heated ovei the Bunsen burner The nnxtuie may loam some- 
what , this may bo contiolled and the operation hastened hy shaking the flask 
When all the water has been dnven off, the liquid will cease to boil, and if the 
heat and agitation be continued foi a few moments complete saponification will 
lie effected, the mix t me becoming perfectly clear The whole opeiation, cxtlu 
sive of weighing the flit, icquires less than five minutes The flask is then 
withdrawn fioni the heat and the mixture dissolved in 135 c c of wntei The 
first portion of watcrslionld he added drop by diop and the flask shaken between 
each addition in order to avoid foaming When solution has taken place, 5 c c 
of the dilute sulpliiiiic acid are added, a piece of pumice diopped in, and the 
liquid distilled until 110 c c have been collected The coudensing-tiibe should 
he of glass and the distillation conducted at such a inte that the above amount 
of distillate is collected m thirty minutes 

The distillate is usually clear , about 0 5 c c of tile plienolphthalcTn solution 
are added and the standard barium hydi oxide run in fiom a buiette until a red 
color is produced If the distillate is not clear it should, be tlioioughly mixed 
filtered tlnongh a dry filter, and 100 c c taken, the reading of the burette being 
increased hy one-tenth 

A blank experiment should be made to determine the amount of decmormal 
alkali requned by the materials employed With a good quality of glycerol 
this will not exceed 0 Sec 

Bromine and Iodine Absorptions of Fixed Oils. 

Another method of differentiation based on the chemical constitu- 
tion of the fats and oils is the determination of the amount of biomine 
or iodine taken up under conditions intended to eusure the formation 
of additive compounds only. The fatty acids of the acetic series are 
saturated bodies, and do not foirn additive compounds with iodine or 
bromine, while the acids of the acrylic series combine with two atoms 
and those of the piopohc series with four atoms, as expressed by the 
following equations . — 

Stearic Acid, C ls H a A, does not combine with bromine or iodine., 

Oleic Acid, C ia H„A. forms C, 8 H a ,B.,0 2 , and C la H a JA. 

Lrnolio Acid, C la H.,A, forms C 1 s H 3 ,Bi A, and C I8 H 32 IA. 

Linolenie Acid, C, a H 3 A. forms C 18 H 20 Bi 6 Oi. and C\ 8 H TO 1 S 0 2 . 
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The esteis of the acids of these senes behave similarly, so that a 
determination of the percentage of bromine or iodine assimilated gives 
a measure of the pioportion of olein against palinitm and steaun in a 
fat, nud of the liuolm of a drying oil as compared with the olein of a 
non-drymg oil. 

Bromine- Absorptions have been determined by Mills, Snodgrass, 
and Akitt (Jour Soc. Ghem. Ind., ii. 435; m 366), the method of 
operating ultimately adopted being briefly as follows: — About 01 
grm of the oil, pieviously deprived of all trace of moisture by heating 
or filtration through paper, is placed in a stoppered bottle of about 
100 c.c capacity, and dissolved ni 50 cc of caibon tetrachloride, pre- 
viously dried by calcium chloride. An approximately decinormal 
solution (8 grm. per litre) of bromine m dry carbon tetrachloride, 
having an exactly known strength, is then added gradually to the solu- 
tion of oil, until there is, at the end of fifteen minutes, a permanent 
coloration. This is compared with a coloiation similaily produced id 
a blank experiment, and thus a measure of the bromine-absorption is 
obtained. If great accuracy be desired, an excess of bromine may be 
used, aqueous solution of potassium iodide and starch added, and the 
solution titrated back with a standard solution of sodium thiosulphate ; 
or the excess of bromine may be determined by titrating back with a 
standaid solution of /Suaphthol in caibon tetrachloude, which reacts 
with bromine in the ratio Br 2 Ci 0 H a O 

When the brommated pioduct has a yellow coloi, as happens with 
some fish oils, the point at which the bromine is in excess is best ob- 
seived tlnough a solution of neutral potassium chromate. 

Iodine-Absorptions have been detei mined by Baron Hubl (Dmgl. 
Polyt Jour , ccliii. 281 ; Jour. Soc Chern. Ind , m 641), who, for sev- 
eral reasons, prefeis this estimation to that of the percentage of bro- 
mine assimilated. When employed alone, iodine reacts very slowly, 
and hence Hubl uses an alcoholic solution of iodine m conjunction 
with inercunc chloude, in the pioportion of 1 molecule (I 2 ) of the for. 
mer to at least 1 (HgCI 2 ) of the lattei. It is piepared by dissolving 
25 gim of iodine in 500 c c of nearly absolute alcohol (free from fusel 
oil), and 30 grm of mercuric chloride m an equal measure of the same 
solvent. The latter solution is filtered, if necessary, and then added 
to the tincture of iodine. The mixed solution should be allowed to 
stand for twelve liouis before being used, as, owing to the presence of 
impurities in the alcohol employed, it is liable to undeigo considerable 
reduction in strength, and must jn all cases be restandardised imme- 
diately before or after use. The strength is ascertained by titration 
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with decmormal solution of sodium thiosulphate, which in its turn is 
set by a solution of lesublnned iodiue in the usual way The meicunal 
iodine solution reacts with ease at oulmaiy tempeiatures on either free 
unsatuiated fatty acids or their estcis to fotm chloio-iodo-addition 
pioducts, the total proportion of halogen assimilated being estimated 
in terms of iodine 

To determine the iodine absoiption, fiom 0'2 to 0 3 grin, of drying 
oil, 0 3 to 0 4 of non-drying oil, or from 0 8 to 1 0 grm, of fat, should 
be weighed accuiately, and dissolved in 10 cc of chloroform. The 
solution is mixed in a stoppeied flask with 20 c c of the standard solu- 
tion of lodo-mei curie chloi ide, and if the liquid is not quite clear aftei 
agitation a further addition of cbloiofoim is made If the mixtuie 
becomes decoloused, or nearly so, after standing a shoit time, a further 
addition of 5 ot 10 cc of iodine solution must be made To ensure 
accuiate results, the excess of iodine must be consideiable, and hence 
the liquid ought still to be quite brown after standing for two hours 1 
After that time, from 10 to 15 cc of a 10 per cent aqueous solution 
of potassium iodide should be added, and the whole diluted with about 
150 c c ot watei The free iodine, part of which exists in the aqueous 
and partin the chloi ofoimic solution, is then deteirained by titiation 
with thiosulphate, the contents of the flask being frequently agitated, 
and starch solution being added just before the end of the reaction 
A blank expenment with the same quantities of chlorofoi m, iodine 
solution, &c, is made side by side with the actual test, so as to coriect 
for any impurities in the reagents and to ascei tain the true strength 
of the iodine solution The difference between the volume of thiosul- 
phate used in the blank experiment and that lequired in the experi- 
ment in which the oil was employed is then calculated into its 
equivalent of iodine, and this to units per cent, of the oil 

The product formed by the action of lodo-mercui ic chloride on pui e 
oleic acubis a greasy substance, which is colorless at first, but giadu- 
ally turns biown fiom libeiatiou of iodine Determinations of the 
chloi ine and iodine, as also of its saponiGcation equivalent, show the 
compound to be a chlonodosteaiic acid of the foiuiula C 1B H 3t IC10, 
The similar products foimed by the action of the iodine solution on 

' HlibI found that with freo tatty acids the icaction is complete with only a small oxoess 
of iodine, but with fata or oils a largei excess must be empluyod, or tho results will be ton 
low In presume of a suflioient oxoess of iodine, vauations in the concentration of the 
fatty solution and in tho amount of meicunc chloride piesent do not offset tho results 
Tho reaction should bo allowed to continue for at least two hours (or, according to Aicb- 
hutt, six hours),' 
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fats and 01L are colorless, viscous, or resinous masses, which in geneial 
resemble the original substances In onlei to render the whole of the 
iodine available, the presence of mercunc chloride in a ratio not less 
than HgCl 2 I 3 is essential 

The following table shows most of the results of Mills, Hubl, and 
others m juxtaposition. The bromine-absoiptions found by the first 
chemist have been calculated into the equivalent pet centages of iodine, 
bo as to allow of more ready comparison with the direct iodine absorp- 
tions of Hubl and others The lodinc-absoiptions can be calculated 
into the equivalent percentages of olein by multiplying them by the 
factor TI52 Later and more accurate figuies for the iodine absorp- 
tion of various oils will be found in the tables of properties of oils. 
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hd Br- VtibOijiliim 

Hilbl 

Otatntrs 

Almond (sweet), 
Almond (bitter), 

53 7 

20 3 

85 3 } 

418/ 

97 5-98 9 

9S 1* 

Peacli-koinel, 

25 4 

40 1 • 



Apricot kernel, 

70 Of 

111 ll 

99-102 


Olive-kernel, 


81 8 


Olive, 

54 0-60 6 

85 9-96 4 

81 6-84 5 

83 0* 

Eaitb-nut (AraUna), 

40 2 

7? 5 

101-105 

87 4* 

Rape, 

69 4 

110 4 

97-105 

101-104*1 

Sesame, 

17 4 

75 2 

105-108 

102 7* 

Cottonseed, 

50 0 


105-108 

106-1 09* f 

Popp} seed, 

60 5 

89 9 

135-137 

131 0« 

Nigcrseed, 




132 Of 

Linseed (r iw), 

76 0 

120 8 

156-100 


Linseed (boiled), 

103 4 

162 H 

118 


Castor, 

58 3 

93 7 

810-817 

84 31 

Menbnden, 

Cod-liver, 

81 6-S6 7 

129 5-137 0 


1 17 9+ 

Ling-liver, 

83 4 

131 0 



Seal, 

67 3-59 9 

91 2-95 3 



Wbale, . 

50 9 

80 9 



Bottlenose, 

48 7 

77 4 


80 If 

Speim, 




84 3f 

Neatafoot, 



66 0 

71 ‘If 

Pulm, 

31 8-35 4 

55 3-56 3 

50 4-52 4 

50 3* 

COLonut, 

57 

91 

89 

8 9* 

Cacao-butter, 



310 


Japan wax, 

1 5-2 3 

2 4-3 7 

42 


Butter-fat, . 

24 '5-27 9 

38 9-14 4 

26 0-35 1 

19 5-48 0* 

Margarine, 

36 3-39 7 

57 7-63 1 

55 3 

50 0* 

Lard, 

37 3 

59 3 

59 0 

61 9* 

Tallow, 

Beeswax, 

0 0-0 54 

0 0-0 86 

40 0 


CarnaUba wax, 

33 5 

53 3 


. 


*R W Moore. iL Archbutt tT Maben 

VOX, II— 5 




FIXED OILS AND FATS 


These figuiea indicate that the drying oils assimilate the largest 
piopoitions of the halogens, and this capacity might be employed as 
a measure of then drying poivei. 

Hubl states that chemically pine oleic acid assimilates from 89 8 to 
90 5 per cent of iodine, the theoietical propoition lequired for the 
inaction CuH h Oj -|- I 2 — C 13 H a JiOj being 90 07 per cent. On the 
other hand, most of the non-drying vegetable oils assimilate a notably 
largei proportion of iodine than conesponds to the peicentage of olein 
present, and the diffeience cannot m all cases be attributed to the pres- 
ence of linolin oi its liomologues Mills states that olive oil, purified 
by filtration after long deposition, in the cold, washing, and diying 
over oil of vitiiol, assimilated 540 per cent, of bromine, against 54 3 
per cent theoietically required to foim the brommated compound 
0 8 H s (C ia H 3J Bi 2 0,) 3 

Hubl’s figures, showing a lowei iodine absorption for boiled than 
for raw linseed oil, have been confirmed by later investigations 
B. Williams ( Analyst , 1895, 276) gives the following figures for 
boiled linseed oil — 

Thin Thin Stout Yury Stout 

Iodine absorption, 175 1 per cent 163 per cent 99 5 per cent 96 9 per cent. 

Acetyl Value — The determination of acetyl value proposed by Beuedikt is 
based upon the principle that hydroxy acids, on being heated with acetic anhy- 
dude, exchange the lijdrogeu atom of their hydroxyl group or groups for the 
radicle of acetic acid The determination is carried out by heating the free fatty 
adds with acetic aDhydnde (See under “ Fatty Acids ”) Lewkowitsch has 
pointed out several objections to this method and lecommends a method based 
upon treatment of the original oil or fat The procedure is as follows — 

Boiled with an equal volume of acetic anhydride for two hours m a round- 
bottomed flask attached to an inverted condenser, the mixture is then trans- 
ferred to a large beaker, mixed with several hundred c c of water, and boded 
for half an hour A slow current of carbon dioxide should be passed into the 
liquor tluongh a finely drawn-out tube reaching nearly to the bottom of the 
heaker , this is done to prevent bumping The mixture is allowed to separate 
into two layers, the water is siphoned off, and the oily layer again boiled out in 
the same manner until the last trace of acetic acid is removed This is ascer- 
tained by testing with litmus paper The acetylated product is freed from 
water and finally filtered through flltei paper in a drying oven 

This opciation may be earned out quantitatively, and in that case the wash- 
ing is best done on a weighed filter On weighing the acetylated oil or fat, an 
iiiciease of weight would prove that assimilation of acetyl groups has taken place 
This method may he found useful to ascertain preliminarily whether a notable 
amount of hydioxylated acids is present m the sample under examination 
Two or 4 grm of the acetylated substance are saponified by means of alco- 
holic potash solution as m the determination of the saponification value If 
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the ‘‘distillation process” be adopted it is not necessary to work with an 
accurately measured quantity of standardised alcoholic potash In case the 
“flltiation process" be used, the alcoholic potash must be mensnred 
exactly (It is, howevei , advisable to employ in either case a known volume of 
standard alkali, as one is then enabled to determine tlie saponification value of 
tlie acetylnted oil or fat ) Next the alcohol is evaporated and the soap dissolved 
m water From tins stage the determination is carried out either hy the (a) 
“distillation process ” or (6) “ filtration piocess " 

(a) Distillation Fioeas — Add dilute sulphuric acid (1 10), more than suffi- 
cient to satmnto the potash, and distil as usual m Reichert's distillation pro- 
cess Since several one hundred c c must be distilled off, either a current 
of steam is blown tin ough the suspended tatty acids or water is run into the dis- 
tilling flask, from time to time, tluough a stoppeied funnel fixed iu the cork, or 
any other convenient device is adopted. It will bo found quite sufficient to 
distil over 500 to 700 c c , ns tlie last 100 c c contain practically no acid 
Filter the distillates to remove any insoluble acids earned over by the stems, and 
titiatc the filtrates with decmormal potash, phenolphtliulein being the indicator 
Multiply the number of e c by 5 61 and divide the product by the weight of 
substance taken This gives the acetyl value 

( b ) Filtration Process —Add to the soap solution a quantity of standardised 
sulphuric acid exactly corresponding to theanioantof alcoholic potash employed 
atul warm gently, when the tatty acids will readily collect on the top as an oily 
layer (If the saponiflcntion value lias been determined, it is, of course, neces- 
sary to take into account the volume of acid used for titrating back the excess 
of potash ) Filter off the liberated fatty acids, wash with boiling water until 
the washings are no longer acid, and titrate the filtnto with decmoiranl potash, , 
using plienolplitlialein as indicator Tliencetyl value is calculated in the manner 
shown above 

Both methods give ideutical results ; the lattet will be found shorter. 

The acetyl value indicates the number of milligrams of KOH required for the 
iientnibsation of the acetic acid obtained on saponifying 1 grra of the acetyl a ted 
fat or w ax. 

In the case of those oils and fats which have a high Reichert valnc the appar- 
ent acetyl value would be too high, owing to the presence of the volatile acids 
This influence will, to a gieater extent, affect the distillation process than tlie 
filtration process To eliminate tins error, determine the volatile aeuls of the 
origin vl oil or fat m piecisely the same manner, and deduct the value thus 
obtained from tlie apparent acetyl value 

It should be noted that m the case of a fat containing free alcohols (pliytos- 
terol, cholesterol), or, in the case of waxes, the acetyl value will be a measure of 
both the hydioxy acids and the fiee alcohols If present, acetic acid radicles 
are also absorbed by them. If the free alcohol is isolated its acetyl value may 
be determined ns well The difference between tlie acetyl value of tlie fat or 
wax and the acetyl nnmbeT propoi Donate to the amount of fiee alcohol present 
will be the true measure of the liydioxy acids 

If a fiee alcohol is acetylated, no complication through formation of anhydrides 
can arise, and in that case simply the saponification value of the acetylated prod- 
uct— the acetate of the alcohol— is determined This value is also the acetyl 
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value of the alcohol (tlie saponification value of the original alcohol being 
ml) 



Many of the fixed oils thicken on exposure to air, and, undei favor- 
able circumstances, gradually dry up into yellowish, transparent var- 
nishes or resins. The oils which possess this propeity are termed 
drying oils, and contain linolin or its homologues. 

For testing drying properties, a definite number of drops of the 
sample may be placed in a watch glass or flat porcelain capsule, and 
exposed to a temperature of about 100° C for twelve or twenty-four 
hours, side by side with samples of oil of known purity Olive oil will 
be scarcely affected by such treatment, and rape oil will only thicken 
somewhat. Cottonseed oil will be fionsideiably affected, while good 
linseed oil will foim a hard skm or varnish, which can only with dxffi-t 
1 Should he accepted with reserve. 
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culty be ruptured by pressure with the fingei. In some respects, a 
preferable plan is to flood a slip of glass with the oil to be tested, in 
the manner in which a glass-plate is covered with collodion. The 
glass with the adhering film of oil is then kept at 100°, and the prog- 
ress of the drying watched by touching, at intervals, successive paits 
of the plate with the finger. Another useful method is to soak a dcfi- 
nite measure of thick filter paper in the sample of oil, and then expose 
it to 100° or 130° C for some hours, side by side, with samples of oil of 
known purity. 

Livache has shown that the rate of absorption of oxygen is accoleiateil by the 
addition of finely divided lead The following description ot the method of 
applying this prmciplo to the examination oi oils is taken iioin Lewkowttsch 
(“Chem. Anal of Oils, Fats, Waxes”) 

The lead-powder is prepared by precipitating a lead salt w itli zinc, washing 
the precipitate rapidly m succession with water, alcohol, anil ether, and finally 
drying in a vacuum. 

The method of operation is as follows — Spread about 1 grm of the lead, 
weighed off accurately, on a somewhat large watch-glass in a thin layer, and 
then allow to fall on to it from a pipette 0 G to 0 7 grm (not more) of the oil to 
ho tested, placing each drop on a different portion of the lead, and taking care 
that the drops do not run on to one another Then allow the watch-glass to 
stand at the ordinary temperature in a place exposed to light 

Drying oils will he found to have absorbed the m iximum quantity of oxygen 
after eighteen hours, or in some cases after three days, wbeieas nou-drymg oils 
do not gam weight until the fourth or fifth day 

The free fatty acids, with the notable exception of cottonseed oil acids, 
behave like the oils, % e , their increase in weight corresponds to the gam m 
weight of the corresponding neutral oils Livachc’s results aio us follows — 



Gun IN WUGHT OP 

100 Parts 

Of OG After 

01 Tatlv Acids After 

Two ftays 

Seven Days 

Eight Dins 

Linseed oil, . . 

14 3 


11 0 

Walnut oil, , , 

7-9 


60 

Poppyseed oil, 

6’8 


3 7 

Cottonseed oil, . . 

59 


08 

Beechnut oil, 

4 3 


26 

Colza oil, 

00 

29 

2 6 

Rape oil, 

0 0 

29 

0 9 

Sesame oil, . 

00 

24 


Arachis oil, 

00 

08 

1 3 

Olive oil, . . . 

0 0 

17 

07 


To obtain a correct estimation as to the drying properties of an oil, regard 
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must be lnd not only to the liieieinent m weight, hut also to the length of time 
lequircd Tims, of the two oils in the following table, No 1 must be considered 
the better, although both finally reach the same absorption of oxygen — 


A 

X"oT 

oTu”.' 

j G un ix Wek.iu or 100 Parts ArTLR 

Owe 

lliree Days 

SKDays 

| Hwe Days 

1 

3 246 

3 154 

1012 ! 
0 653 

14 4 

2 45 

15 7 

12 0 

unchanged 
15 9 

unchanged 


Bishop (Abst Analyst, 105, 1896) calls attention to the 1 ict that Livnclie’s 
process is serviceable only in the case of linseed oil , in other oils the oxidation 
proceeds too slowly In order to obtain the most rapid oxidation the main 
essential is to have the oil as finely divided as possible, and for this puipose 
precipitated sihcn is employed The oxidation is fnrthei hastened by the addi- 
tion of manganese resinate The commercial resinate is purified by treatment 
with ether or petroleum spirit, faltering, nnd evaporating the ether. The dry 
lesidue is powdered and kept in a stoppered hottle. 

Tho method of deteimimng the oxygen absorption is as follows From 
5 to 10 grm of the oil are weighed xuto a dish, and for 100 parts of the oil 
exactly 2 parts of the Tesinate added , that is, for 10 grm 0 2 grm The mix- 
tuie is agitated on the watei bath until the lesinate has dissolved and then 
allowed to cool One gim of silica is weighed into a flat dish provided with a 
glass staring rod, and then, drop by drop, by means of a pipette, 1 02 grm of 
the resmated oil added The mass is intimately mixed and spread over the 
bottom of the dish, and is left at a temperature of fiom 17° to 25° C for drying 
oils and of 20° to 30° C for other oils Tho dish is weighed after six hours 
and twice again m twenty four hours, and so on until the maximum is attained, 
the mass being stirred after each weighing The maximum increase in weight, 
multiplied by 100, gives tbe<degree of oxidation The following is a summary 
of the results — 


Oils 

bP Gr 

Degree op Oxidation 

JlEAN DeGUFE 

Linseed, native, . 

„ la Plata, 

Hempseed, 

Poppy native, 

Nut, 

Cottonseed with steal m, 
i, without stearin 

Sesame, Senegal, . . 

„ Indian, , 

Earthnut, Atncan, . . 

„ white, . . . 

Colza, native, , . 

,, Indian, ... 

Olive 

0 9327 

0 9304 

0 9287 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0- 

O 

17 70-16 40 

15 45-15 

14 56-14 B0 
1150-13 90 

13 70 

8 60 

9 60-8 30 

8 95-8 60 

7 40 

6 70 

6 50 

6 40 (?) 

5 90-5 80 (v 

5 30 H 

17 05 

15 20 

14 40 

14 20 

13 70 

8 60 

9 45 

8 70 

7 40 

6 70 

6 50 

6 40 (?) 

5 85 (’) 

5 30 (?) 
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Gellatly has pointed out the close relationship which exists between 
the drying piopeitiesof oils and their tendency to inflame spontane- 
ously when exposed to the air in a finely divided condition. He found 
that when a handful of cotton-waste is imbued with the oil to be tested, 
and placed somewhat loosely in a paper box in an air-bath kept at 
80° C , the mass enters into active combustion after a time dependent 
on the nature of the oil used. Thus, with boiled linseed oil inflamma- 
tion occurred in little more than an hour, while raw linseed oil 
required four hours, and rape oil nine or ten to reach the same stage 
Equal paits of seal oil and imueral oil refused to ignite, and even 
20 per cent, of mineral oil matenally delayed the ignition. The 
facts noted by Gellatly are intei esting, and some of them have 
been confirmed by Renouard (Jour. Soc Cham. Ind, i 184) and 
other observers, but the method has no claims to quantitative accu- 
racy 

Other methods of testing the oxidisability or drying chaiacter of 
linseed oil are descubed in the section treating of that substance 

Although fiequently grouped as “ drying” and “non-drying ” oils, 
there is no sharp distinction between the two classes Omitting the 
oils from marine animals, some of winch diy rapidly, tlie chief coro- 
nieicial oils possess drying pioperties in the order of the following list, 
tlie most rapidly oxidisable being placed first 1 — Linseed, cottonseed 
and fancy seed, rape, araclns, olive, animal oleins. 

The tendency of the fixed oils to dry or oxidise is in the duect order 
of their capacity foi absorbing bromine or iodine, and of the use of 
temperature produced on mixing them with concentrated sulphuric 
acid 

Oxidised Oil Blown Oil. Base Oil.— Of late years theie 
have appealed in commeice certain articles known as “oxidised oils,” 
“blown oils,” or “base oils.” These are produced by blowing 
a stream of air through a fatty oil, — iape, cottonseed, or linseed oil 
being usually chosen for the purpose. A certain initial temperature 
is necessaiy to start the leaction, but afterwards the heat produced 
by the oxidation is sufficient to maintain the temperatuie required. 
By proper regulation, products can be obtained which closely simu- 
late castor oil, and equal that body both in density and viscosity. 
Methods of distinguishing blown oils from castor oil are given in the 
section treating of the latter product. 

Determination of the Refractive Power. — Valuable indica- 
tions as to the purity of fats and oils, especially butter fat, may occa- 
sionally be gained fiom the determination of the refractive index. 
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This may be done by means of Abba’s refi actometer, observing the 
total reflection winch a thin stratum of the liquid placed between 
pimms of a moie highly reflecting substance produces in transmitted 
light. The following descuption of the method of using the instru- 
ment is taken from the bulletin of the A O. A C — 

A piece of fine tissue papei, 3 cm in length by 1'5 cm in width, is placed on 
the low ei of the two gliss pi isms of the appar itus Two or three drops of the 
sample aie placed upon the paper, and the upper prisms carefully fixed m posi- 
tion, so ns not to move the paper hom its place Iu charging the apparatus with 
fire oil m tins way it is placed in a houzontal position After the paper disk 
holding the fat is secured by leplauug the upper prism the apparatus is placed 
in its normal position and the index moved until the light directed through the 
appiuatus by tlie minor shows the field of vision divided into dark and light 
poitions The dispersion apparatus is now turned untiL the Tauibow colors on 
the pait between the daik and light field have disappeared Before doing this, 
liowevei, the telescope, the eye-piece of tlie apparatus, is so adjusted ns to bring 
the cTO'-s-lnics ol tlie field of vision distinctly into focus. The index of the 
appai atus is now moved back and lintli until the dark edges of the field of vision 
fill exactly in the mtei seition of the cross-lines The refractive index of the 
fat under examination is then read diiectly upon the scale by means of a small 
magnifying glass To check tlie accuracy of the first reading, the dispersion 
appai ntns should be turned thiough an angle of 180° until the colors have again 
disappeaied, and the scale of the instrument again read. These two readings 
should ueaily coincide, and then mean is the true reading 

Fol butter-fats the apparatus should be kept in a warm place, the tempera- 
ture of wlncli does not fall below 30°, For leducmg the results to a standard 
temperature, say 25°, deduct 0 000176 for every degree above that point, side’e 
as the tempeiatuie rises the refractive index falls The instrument used should 
be set with distilled water at 25°, the theoietic.il refractive ludex of water at 
that tcmperatuie being 1 3330 

The oleo-refraefometer of Amagat and Jean (Analyit, 1890, 87) is a 
more convenient and satisfactory instrument for the examination of 
fats and oils. The oil to be observed is introduced into a hollow 
prism, which is immeised in a vessel with paiallel sides filled with a 
standard oil If the refractive power of the sample is the same as 
that of the standard, no deviation of the ray of light traversing the 
apparatus will take place; but otherwise deviation will occur, which 
can be measured on a micrometei scale placed on the eye-piece. The 
angle of the prism, the neutial or standard oil, and the division of 
the scale are all arbitral y. The standard oil sold with the instrument 
is sheep’s-foot oil 

The following table shows the differences observed by Jean and 
others when various oils were compaied. The purification of the oils, 
when stated, was effected by shaking with alcohol to remove the free 
fatty acids. 
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Deviation 







ItEMARkS 




Commercial 

Purified 


Olive 01), . . . 


Oto + 2 


20 samples 

.'Kan 



+ 9 


Very old 




+ 1 to + 3 5 


105 samples, 

Peaimam 





22° C 

1 

Almond oil, 


+ 6 

+ 6 



33 

+ 5 

+ 6 


Prove 



+ 7 








and ‘ 

„ 


+ 8 to + 10 5 


8 samples, 
22° C 

Van Leent 
Pearmam 

Peacli-keniel oil, 


+7 5-+11 5 


2 samples, 

Peaimam 




22° C 


Araehts oil, 


+ 3 6 

+ 3 5 

Bit Usque 

Jean 


-)- 4 5 

+ 4 5 



f 

44 

+ 4 

+ 4 5 

Gambia 



80 

+ 6 

+ 0 5 

Boiilam 


;; » • 

17 

+ 3 5 
+ 6 to + 7 

+ 35 

La Felicio 

5 samples, 

Pearmam 




22° C 


Teasecd oil, . , 

1 • • 

+ 8 


22° C 

Pearmam 

Rapesecd oil, 


+ 16to + 20 


8 samples, 

Pearmam 


+ 18 

+ 18 

22° C 

Jean 



1 3 

+ 16 

+ 185 




116 

+ 17 5 

+ 18 

India 


>’ >' • 

+4 6 

+ 17 5 




Cottonseed oil, , 

04 

+ 20 


Pale 

Jean 

(ci ude) 

03 

+ 20 


Yellow 



+ 16 to + 17 


3 samples, 

Pearmam 




22° C 


, , (refined) 


+ 17 to + 23 


6 samples, 
22° C 

” 

Sesame oil, 

2 

+ 18 



Jean 


41 

+ 17 5 


Bombay 


:: . 


+ 17 
+ 45 

+ 17 

Pale 

Van Leent 




+ 13 to + 17 


6 samples, 

Pearmam 





22° C 
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Df VIA 






Commercial 

Pmilieil 



Sunflower oil, 


+ 35 


22° C 

Pern main 

Camel inn. oil, 


+ 32 



Jeau 

Beechnut oil, 


+ 16 5 



Jean 

Lmseed oil, 

+15 

+ 63 

+ 54 


Jean 

26 

+ 48 

+ 48 


VaaLeent 

” >. • ■ 


+ 49 to + 51 



,, (crude) 


+ 48to + 52 


3 samples, 
22° C 

Pearmata 

, , (refined) 


+ 50 to +64 


5 samples, 
22° C 

” 

Tlempseed oil, 

13 8 

+ 30 

+ 32 


Jean 


+ 34 

+ 32 


,, 

" ” 


+34 to +37 5 


4 samples, 
22° C 

Peannain 

Poppyseed oil, . 


+ 29 
+ 23 5 

i 


Jean 


25 

+ 25 





26 

+ 35 

+ 38 

Very old 



37 

+ 29 6 



,, 




+ 30 to + 35 


3 samples, 
22° C 

Pearmmn 

NigeTseed oil, . 


+ 26 to + 30 j 


2 samples, 
22° C 

Peannain 

Walnut oil, . 



+ 35to + 3G 


Jean 

Castor oil, . * 

63 

+ 43 





14 

+ 46 






+ 37 


Javan 

Bruyn 

and 

VanLeent 

” ” ' 


+ 40 


Pharmaceu- 

" 

” ” ’ 1 


+41 to +42 6 


Indian 

Peering 

Redwood 

” ” ■ “ 


+39 to +42 


8 samples, 
22° C 

Peannain 

Japanwood oil, 


+ 75 



Pearmain 
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Other forms of instalments used for refractometric examinations aie Zeiss’s 
butjro-refjactometer, recommended by Wollny, and Pnlfnch’s refractometer 
The latter, like Abbe’s lustiument, allows of a scientific determination of the 
refiacthe index 

Temperature-Reactions of Oils. 

The rise of temperature which ensues on treating a fixed oil with 
con ceil tinted sulphuric or nitric acul, or bromine, is a measure of the 
extent and intensity of the chemical reaction which ensues The use 
of sulphuric acid was originally pioposed by Maumenfi ( Compt rend > 
xxxv, 572). The test has been investigated by Fehling, Faisst and 
Knauss, J Muter, L. Archbutt, J. Baynes, and others, who have 
ainved at veiy different opinions as to its value. The discrepancies 
obseived have been due largely to not working under exactly similar 
conditions. Among the sources of error is unnoticed variation in the 
stiengtli of the acid ‘Maumend obtained so much gieater rise of tem- 
peiatuie by employing recently heated sulphunc acid that he supposed 
the existence of an isomeric vanety of this body The specific ginvity 
of concentrated sulphunc acid was formerly regarded as evidence of its 
stiengtli, but Lunge and Naef have shown that acids of 9G per cent 
and ol 99 pel cent., and even of 95 per cent, and 100 pei cent , have 
almost exactly the same density Further, L. Archbutt has found 
that cmumeicial concentrated sulphunc acid varies consideiably in 
strength, the samples examined by him ranging from 92*7 to 97 4 per 
cent of H,S0 4l as asceitamed by very careful titration with standard 
alkali He gives the specific gravity of 97 per cent, acid as 1 8440 
at 60° F (15 5° C) 

L Aichbutt finds that if the acid employed be much weaker than 
97 per cent, of H 4 S0 4 , the increase of temperature is notably less and 
the miction inconveniently slow. On the other hand, the initial tem- 
peiatmes of the oil and acid do not affect the extent of the rise, but 
both should be at the same temperature, or an erroneous result will be 
obtained. The following method of performing Maumene’s test ife that 
recommended by Archbutt, and employed by the writer — 50 grra of 
the oil is weighed into a 200 c c. beaker, and the latter immersed in a 
capacious vessel of water, together with the bottle of strong sulphuric 
acid, until they are both at the same terapeiature, which should not 
he far fiom 20° C The beaker containing the oil is then wiped, and 
placed in a cotton-wool nest previously made for it in a cardboaid 
drum, or a wider beaker. The immersed thermometer is then observed, 
aud the temperature recorded 10 c c. of the concentrated sulphuric 
acid should then be withdrawn from the bottle with a pipette, and 
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allowed to run into the oil. During the addition of the acid, which 
should occupy about one minute, the mixture must be constantly stii red 
with the thermometer, and the agitation continued till no further rise 
of temperature ensues This point is readily observed, as the indica- 
tion leinams constant for a minute or two, and the temperature then 
begins to fall 

The results obtained from a particular oil are remarkably constant 
when the acid is of a uniform stiength, and a defined method of man- 
ipulation is rigidly adhered to, but apparently insignificant differences 
in the mode of operation result in senous discrepancies in the lesults. 
Thus, Archbutt observed a rise of 78 5° when the oil was stirred until 
all the acid was added, and the thermometer then held stationary m 
the middle of the oil, but when the staring was continued until no 
fuithei rise of temperature was observed, the increase was only 73 5 0 . 1 

The object sought to be attained by Maumene’s test is a determina- 
tion of the intensity of the chemical action between the oil and the 
acid when employed in the proportions piescnbed. It is evident that 
theie may readily be local ovei heating, and that the uppermost stiatum 
of oil and the fioth on the surface are likely to be at the highest tem- 
pciutuie, but the mfoimatiou sought is the maximum temperatuie 
attained by the whole mixtuie, taking care to avoid loss as fai as pos- 
sible by surrounding the vessel with a non-conducting medium These 
conditions are best attained by using a tlim vessel, well surrounded 
with cotton-wool, mixing the oil and acid as completely as possib'e, 
and taking as the true determination the highest temperature indicated 
by the theimometer, and maintained for more than a few seconds, 
ignoring any abnormal temperature which may be momeutai lly 
reached, but which the rapid fall on more peifect mixing shows to 
have been due merely to local action 

A simple stiner may be made with a piece of tlim tin-plate, fast- 

1 Tho tiled ol stimng hits also boon obsoivi.il by .T llnyHL= wlio, in a eommnmi alum 
to the authoi, locmnmends that tlio experiment should always ho commenced nt 211° 0 , 
that tlio acid should have a density of 1 845, and that tlio mivtuic be enacted m i cylin- 
der IS inch wide, tightly paokod m fibrous asbestos, instead of in a beikcr in a nest uf 
cotton-wool lie adds the acid during ono minute, stu ring continuously, and fur a further 
period of five seconds only The bnlb of the thoimoinctor is then held ns closely is pos-i 
bio to tlio top layoi ot tho froth, .for If lowered a considei ihlc tnll in tlio tcnipoi lturc will 
he obsoivcd Should tlio mixtuie show a tendency to froth over, It may ho kept down by 
stirring, but tho theimometer should be observed liefoie doing so 

J, Muter first brings the oil and ocul to a tompemturo of 28° 0 , anil opcintes in a w«U 
tube ol thin glass mounted on a foot The noid is ndilcd to tho oil at llic into of 1 c c per 
five seconds, nnd the Stirling continued during the idditnm, and for Unity seconds attei 
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ened to the thermometer by passing the bulb of the latter through 
two longitudinal blits m the plate By rotating the thermometer and 
attached paddle between the finger and thumb, the contents of the 
beaker can be well mixed. 

Owing to the notable difference in the rise of temperature caused by 
comparatively blight variations m the mode of operating, many of the 
1 ecorded figuies obtained by Maumene's test have little value. Hence 
it is desuable to compare a sample with one or more oils of known 
purity uuder exactly similar conditions The figuies in the table 
show the kind of lesult to be expected fiom various oils, but they 
must not be relied on too rigidly. 



Erse or Ti»irkitATunE rv ith Sulphuric Acid , 0 C j 

MaumcnC 

Baynes 

llolib 

Archliutt 

Allen 

Olive oil, 

42 

40 

39-43 

41-46 

41-43 

Almond oil, 

52-54 

35 




Rape and Colza oils, . 

57-58 

60-92 

64-60 

55-64 

51-60 

Ainchis oil, 

67 



47-60 


Beechnut oil, 

65 





Sesame oil. 

68 



65 


Cottonseed oil ; ci mle, 


84 

ei 

70 

67-69 

Cottonseed ml , mimed, 


77 


75-76 

74-75 

Poppyseed oil, 

74 



8G-88 


Nigerseed oil. 


82 



81 

Hempseed oil, 

98 





Walnut oil 

101 





Linseed oil, . . . 

103 

104-124 



104-111 

Coconut olem, , . 





28-27 

Castor oil, 

47 



46 

85 

Lard oil, . . . 





*i ‘ 

Tallow oil, . ... 

41-44 





Noatsfoot oil, . 


: : 


43 ’ 


Horsefoot oil, . 

51 





Whale oil , northern, . 





91 

Whale oil , southern, . 



85-86 

92 ’ 

Porpoise oil, 





50 * 

Seal oil, . . ... 





92 

African fish ml, 



156 


' . . 

Shark-liver oil, 





[ 90 

Codhveroil, . 

102-103 

116 ‘ 



113 

Skatehvor oil, .... 

102 




Menhaden oil, .... 




123-1.28 

126 * 

Sperm oil, . . 




61 

45-47 

Bottlenose oil, . 


* 


42 

41-47 

Oleic acid 




37* 

38* 
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From these figures it will be seen that with some mixtures, for in- 
stance, olive with cottonseed oil and rape with linseed oil, the rise of 
temperature with sulphuric acid may afford a means of forming an 
approximate estimate of the proportion of ingredients. Thus, if the 
mean rise of temperature with rape oil be taken at 58°, and that of 
linseed oil at 110° C., a sample giving a rise of 90°, and known to 
consist of a mixture of the two, may reasonably be asserted to contain 
approximately 38'5 of rape and 61 ‘5 of linseed oil. 1 

In the case of linseed and some fish oils, the reaction with sulphuric 
acid is violent Dilution of the sample with an equal weight of olive 
or lard oil is advisable. 

A valuable improvement m tbe mode of expressing the results of 
Maumen4’s temperature-reaction has been made by Thomson and Bal- 
lantyne (J S C 1, 1891, 233) It consists in ascertaining the rise of 
temperature produced by mixing 50 grm. of water with 10 c c. of 
strong sulphuric acid m tbe same vessel and under precisely the same 
conditions as those used for testing the oil The specific temperaiuie- 
leaction of the oil is obtained by multiplying tbe use of temperatuie 
of the oil-acid mixture by 100, and dividing by the rise of tempera- 
ture of the watei-acid mixture. 

The method possesses the gieat advantage that almost identical re- 
sults are obtained with acids of Bomewhat different strengths (provided 
they are at least 95 per cent.), and hence the figures are much sharper 
and more distinctive The following are the specific tempeiature- 
reactions for various oils as observed by Thomson and Ballautyne • — 


Oit, 

TnuptRATunr 
(Wat ait <= 100 ) 

No or 5u,rus 

Olive, 

89 to 95 

11 

Afadns, 

105 to 137 

2 

Rape, 

125 to 144 

6 

Cottonseed, 

163 to 170 

3 

Linseed, . , 

270 to 349 

4 



2 

Whale, 

157 

1 

Seal, 

212 to 229 

4 

CodHver, 

243 to 272 

3 

Menhaden, 

306 

1 

Sperm, 

93 to 100 

2 


1 110 — 58 ==52, orO 52° C (or about J degree) in excess of 5S° for every 1 per cent 
of linseed oil present in tlio mixture Hence the samp In in question would contain SO — 58 
= 82 , and 32 * 2 10 ° = 61 5 poi cent,, or, more roughly, 32 x 2 = 64 per coat 
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Bromine Thermal Value — Hohner and Mitchell (Analyst, 1895, 147) hav 
shown that the heat evolved m the reaction of bromine with nnsaturated fatty 
bodies tarnishes more dclimte data than is the case with sulphuric acid As the 
action of bromine upon some oils is violent, it is moderated by the use of a 
diluent, such as chloroform or glacial acetic acid. The latter has the advantage, 
owing to its higher boiling point, of allowing a wider range of rise of tempera- 

Tlie proccduic is as follows — 

The bromine, oil, and diluent are all brought to the same temperature One 
grm of the oil is placed m a Dewar vacuum jacketed test tube and dissolved m 
10 c c of chloroform Exactly 1 c c of bromine (measured by means of a 
pipette connected at the upper end with a narrow tnbe filled with caustic lime 
and having an asbestos ping at each end) is added and the rise in temperature 
measured by means of a correct thermometer divided into filths Fatty acids 
are dissolved in glacial acetic acid instead of chlorofoim 

Hehner and Mitchell have further shown that a definite relation exists 
between the rise of temperature tlms obtained and the iodine absorption In 
the particular vaennm tube and mode of operation employed by them, the factoi 
was found to be 5 5 Each operator should ascertain for himself the factor 
applying to the individual case by determining the biomine theimal value of a 
non drying oil, the Hdbl number of which is known 
Although consideiahie diffeieuces are shown m the case of linseed and rape 
Oil, Hehner and Mitchell considei that the determination of the iodine number 
by Hubl’s method may be leplaced by that of the bromine theimal value In 
the case of the simples of linseed aud rape oil it will be noticed that the calcu- 
lated iodine number does not approximate closely the number obtained in the 
usual way They offer the following explanation of these discrepancies — 
'‘Since linolic acid appears for each molecule of added bromine to evolve as 
much heat as does oleic aud, as shown by the figmes given by cottonseed aud 
almond oil respectively, it is probable that the same holds good for liuolemc 
and The difference obseived in the case of linseed oil might, on this assump- 
tion, be due to one or both of two causes Either the HUbl number does not 
fully measure, in the case of highly drying oils, the unsaturated valency of the 
molecnle, or the samples of linseed oil tested had undergone more of less ovidn- 
tion, the oxygen or hydrogen group being replaced by the bromine," 

As to the former alternative, it is well known that with highly-drying oils, 
after three hours’ action of the HUbl solution, even in considerable excess, the 
maximum of absorption has by no means been reached, and the HUbl number 
is therefore almost certainly too small ru these cases As to the latter alterna- 
tive, it has been shown by Ballantyne (J C. tj 1, 1891, 32) that oils, after hav- 
ing undergone oxidation by exposure to air, show a higher Maumene figure than 
before We are inclined to think that our calculated number evpi esses moth 
accurately the real iodine combining capacity than does the Hdbl figure in these 

“The two samples of rape oil examined by ns do not show any agreement 
between the observed and calculated iodine number We believe the samples to 
he pure, but the Hub! numbers-viz , 88 and 77-are materially lower than the 
numbeis usually accepted for genuine rape oil. The calculated numbers on the 
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other lijxutl, obtained by multiplying the nee in temperature by 5 5, agree \ery 
well with the normal Humbert, ol genuine lapo oil It appears vciy probable, 
therefore, that the samples of rape oil examined had undergone a considerable 
amount of oxidation, which lowered the Hubl number, but did not nllect the 
bromine absorption , that, iu faet, the hguie calculated from the heat evolution 
In this, as in the case of linseed oil, is the correct iodine-absoiption nmnber ” 


Comparison of Observed and Calculated Results of Bromine 
Thermal Test. 



When oleic acid is treated with a few bubbles of nitrogen trioxide, 
it is gradually changed into the isomeric body elaidic acid, which is 
solid at ordinary temperatures Olein undergoes a similar change 
with production of the eolid isomer elaidin, as also- do such oils as 
consist of olein in a state of approximate purity. On the contrary, 
the drying oils, which oonsist chiefly of linolin and its homologue3, are 
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not visibly affected by treatment with nitious acid Oils, winch prob- 
ably consist of mixtuies of olein with more 01 less hnolin, give less 
solid products with nitious acid than the appioxunately pine oleins 

The effect can be pioduced by tlie gas evolved on heating starch or 
aisenous oxide with mtuc acid; liy a mixtuie of a mtnte with a 
dilute acid, by dissolving copper 01 meieury in mine acid under 
a layer of the oil; by agitating the oil with a fiesbly prepared 
solution of mercurous nitrate , by the dnect uie of mtuc acid of 
yellow or leddish coloi, and theiefoie containing lower oxides of 
liitiogen , and, lastly, by heating the oil with mtuc acid until chemical 
action sets in and gaseous oxides of nitrogen aie evolved. The pro- 
pel lion of the isometi«ing teagent requisite to produce the change and 
the influence of the piopoition used on the lapidity and completeness 
of the leaction .ue almost unknown, and indeed no leally scientific 
study of the foimntion of elaidic acid or elaidin appeals to have been 
attempted 

The following method of obtaining the elaidin reaction, due to 
Poutet, has been studied by Aichbutt, aud is one of the best It 
depends on the power of a solution of raeicuious nitiate to retain 
nitrous acid. 

One e c. of mercury should be dissolved in 12 c c of cold mtuc acid 
of 1 42 specific giavity. 2 c c. of the freshly-made deep g,een solution 
is then shaken in a wide-mouthed stoppered bottle with 50 c c of the 
oil to be tested, and the agitation repeated every ten minutes during 
two hours When treated m this manner, oils consisting of appioxi- 
mately pute olein, or of mixtures of olein with the solid esters, 
such as palmiiin and stearin, give a solid product of greater or less 
consistency. Olive oil is lemaikahle foi the canary or lemon yellow 
color and great firmness of the elaidin yielded by it. Aftei twenty- 
four hours, the hardness of tlie product is such that it is impervious to 
a glass rod, and sometimes rings when stiuek with it, but tins character 
is also possessed by the elaidins yielded by araclns aud lard oils In 
making the elaidin test, it is important to note the time required to 
obtain a “ solid ” product, which will not move on shaking the bottle, 
as well as its ultimate consistency Also the temperature should be 
kept as nearly as possible constant, or erratic lesults may be obtained 
and ownparison of different oils becomes impossible. 

The behavior of the more important liquid fixed oils, when tested 
in the foregoing manner, is as follows : — 

A hard mm is yielded by olive, almond, lard, sperm, and 
sometimes neatsfoot and arachis oils. 
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A piodmt of the consistence of butter is given by neatsfoot, bottle’ 
nose, mustard, and sometimes by nracliis, sperm, and rape oils 
A pasty or buttei y mass which sepal ales fiom a fluid portion is 
yielded by rape (mustaid), sesame, cottonseed, sunflower, mger- 
seed, cod liver, seal, whale, and porpoise oils 
Liquid products are yielded by linseed, benopseed, walnut, and 
other drying oils 

L Aiclibutt lias published the lesultsof some expeuments with a 
leigent, which is easily piepaied and appears to possess certain 
advantages. It is made by passing a stream of sulphur dioxide into 
nitric acid (specific giavity 1 420) kept cold When substituted foi 
the mercurous nitrate, Archbutt’s leagent yields, after a time, solid 
pioducts with tape and cottonseed oils, in addition to the oils ordi- 
nniily giving solid elaidius. The cottonseed and rape oil pioducts are 
at first led, and that fiom olive oil a bright green, but these tints soon 
fade. 

In practice, the elaidin test receives its most important application 
in the assay of olive oil, with which it gives a veiy clmractenstic 
leactum. The subject is further discussed in the sections Heating of 
olive and rape oils. 

Reaction of Oils "with Sulphur Chloride —The vegetable 
drying oils are convened, on treatment with sulphur chloride (S,C1,), 
into gelatinous or elastic masses, which are employed as substitutes 
for india-rubber. T P. Bruce Warren lias investigated the reaction 
with a view to its employment in the analysis of oik The effect of 
the treatment with sulphur chloride appeals to vary materially with 
the propoition of the reagent used, which is usually 1 c.c., mixed with 
1 c c of carbon disulphide, to 5 grm of the sample, to which 2 cc. of 
carbon disulphide has been previously added The mixture is heated 
on the water-bath to constant weight, when the mass is broken up a3 
completely as possible and exhausted with carbon disulphide, the solu- 
tion obtained being evaporated to dryness and the residue weighed 
The various fixed oils are said to give constant and characteristic 
weights of the original dry product, of which definite amounts aie dis- 
solved by subsequent treatment with carbon disulphide; but, m a few 
cases, these figuies have not been published, and it does not appear 
that a mixture of two oils behaves in a manner winch can be predicated 
from the nature of its constituents Lard and other animal oils, in- 
cluding fish oils, are stated not to yield solid pioducts with sulphur 
chloride, and the same is the case with coconut oil and the free fatty 
acids from any souice Blown or oxidised oils give black products 
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Warren claims the method is available for the determination of vege- 
table oils in blitter and laid, of lard and cottonseed oils in olive oil, 
&c. For further details see C/iem News (56) 222, 231, 243, (57) 26, 
43, 113.; (58) 4, 15; (62) 27, 51, 125, 215, 251). 


Color- Reactions of Oils. 

Many fattv oils give, when treated with chemical reagents, pioducts 
which are often stiongly colored. To a certain extent these color- 
reactions are characteristic of the oils by which they are produced, 
and hence may be employed for their identification It must be borne 
in mind, however, that the albuminous, resinous, and other foreign 
matters, on the presence of which the coloi-ieactions in most cases 
depend, are more or less completely removed or modified by the 
process employed for refilling the oil. Hence, considerable variation 
is observed m the behavior of different samples of oil with the same 
reagent, and the value of the reactions is still further reduced by the 
modifications produced by the presence of free fatty acids in the oils. 
Still less are the indications to be tiusted when mixed oils are examined, 
Notwithstanding these diawbacks, color-tests, when carefully applied, 
are often capable of furnishing valuable inhumation, and sometimes 
render the positive identification of an oil, or its detection in a 
mixture, possible, when no other means aie available 

Color-tests for oils have been devised by Calveit and various other 
observers, the most complete series of observations being those of 
Chateau, published in 1861 1 Many of those proposed have very 
little value. Certain of them are useful as special tests, and are 
descubed in the sections treating of the oils for the detection of which 
they are of use. The reactions with btiong sulphuuc and nitric acid 
have a moia general value, and require a fuller description In em r 
ploying colordests for oils.it is very desirable to examine specimens 
•of oils of known purity aide by side with the sample, instead of trust- 
ing too implicitly to the reactions described 

Sulphuric) Acid Color-Test. — Of color-tests, that with concen- 
, trated sulphuric acid is one of the most valuable and readily applied 
It has been recommended by various chemists, some of whom employ 
several different strengths of acid, whilst others modify the propoi non, 
that used by Chateau being in excess of the amount desirable. With 
care, the violet color produced by the fish liver oils is highly charac- 
tenstic, as are also some of the other reactions 

1 CUatoau’s tests, with soma modifications by J. Muter, are described in Spon's Etwu- 
thpxdia of the Indiult tal Arte, &o., p U72 at teq. 
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The following table shows the effect produced on placing a drop 
jor two of sulphuric acid in the centre of about twenty drops of the oil, 
and observing the color both before and after stirring. The reactions 
described include those produced by the majority of hydrocarbon 
oils As already stated, the colors produced by different samples of 
the same kind of oil are liable to considerable variation 
The reactions of the oils with concentrated sulphuric acid are in 
some cases complicated or rendered indistinct by the charring action 
exerted by the reagent This may be avoided by dissolving one drop 
of the oil in twenty drops of carbon disulphide, and agitating the 
solution with a drop of strong sulphuiic acid. Whale oil when thus 
treated gives a fine violet coloration, quickly changing to brown, 
whereas with sulphuric acid alone a mere red or reddish-brown color 
changing to brown or black is obtained. 





FIXED OILS AND FATS. 


Nitric Acid Color-Tests.— The coloi -reactions of oils with nitnn 
acid are sometimes characteristic, especially in the case of seed oils 
(See also under Cottonseed Oil ) The test is recommended to be ap- 
plied in vanous ways, but peiliaps those methods which combine 
obseivations of the coloi and the character of the elaidin are to be 
prefeired Thus, O Bach ogitateg 5 c c. of the sample with an equal 
measure of nitric acid of 1'30 sp. gi. Aftei noting any coloi ation 
the mixture isimmersedm boiliug water for five minutes and the effect 
again obseived. A moie 01 less violent reaotion often oecms on heat- 
ing, even resulting in the case of cotton or sesame oils in the mixture 
being projected iroin the tube. Bach gives the following table of 
results . — 


Kikd of Ob. 

Nitrio T Acu> 

IS Minutes 

After 8tandins 

12 to 16 Hours 

Olive, 

Araclns, 

Hope, , 

Sesame, . 
Sunflower, 
Cottonseed, . | 

Castor, 

Pale green 

Palo lose 

Pale rose 

White. 

Duty white 
Yellowish-brown 
Pale lose 

Orange-yellow 

Brownish-yellow. 

Orange-yellow 

Biowmsh-yellow 

Reddish-yellow. 

Reddish hrown. 

Golden-yellow 

Solid 

Solid 

Solid 

Liquid 

Buttery. 

Buttery. 

Buttery 


A similar test has been described by Massie, who agitates 10 grin 
of the oil with 6 c.c of nitric acid (sp. gr, 1-40) and 1 grin, of mercury, 
and observes the color of the product after one hour, and also the tune 
required for solidification. Thus . — 


0,. 

COLORATION 

Minutm 

lORbOLID- 

irlOAUON 

0, 

Coloration 

Minutes' 
for Soliu- 

Harclmit, 

Almond, 

Amebic, 

Apricot 

Pateyellowlsh- 

w?Liu n 

White 

Pnlo reddish 
Rose 

1 

ca 

60 

90 

10a 

Rape, 

Cottonseed, 

Beechnut, 
Poppy, . . 

Oumelnin, 

Orange 

Oiange-rocl 

Yellowish-orange 

Reddish-orange 

Red 

Roddlsh-arauge 

IMS 

F1M 

Fluid 


A mixture of strong sulphuric and nitric acids, used in the pioportion 
of one drop to ten of the oil, has been proposed by H. Meyer as a 
coloi-test for certain fish oils. The following reactions were obtained 
with this test — 
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0“ 



AFTrii Stirimvh. 

Codliver, 

929 0 

Violet, ([inckly becom- 
ing ioic icil 

Kosc-red, changing to 
light blow li 

Hake liver, 

927 0 

Daik violet, changing 
to dark In own 

Browmsh-v lolct, chang 
ing to light blow n 

Skate-liver, . . 

932 7 

Light violet, changing 
to blown 

Brownisli-v lolet, cluing 
mg to blown 

Shaik-llver, . . 

928 5 

Light blown, with 
spots of icd 

Light biown, Jit coming 
darker, 

Ilei ring. 

932 0 

Brown 

Durkoi brown 

Spvnt, .... 

928 4 

Light brown. 

Unclnugcd 

Seal, 

6215 

Light brown. 

Lemon-yellow, rapidly 
changing toenicrald- 
grecu ami bluish 
gicen 

Wlnili, 

9301 

Light brown 

Dicker 


Classification of Fats, Oils, and Waxes. 

In studying the chnracteis of fixed oils, and identifying oils of 
unknown natiue, valuable assistance is obtained from a suitable 
arrangement of the oils in classes or groups. The classification here 
adopted is based oil a joint consideration of the origin, physical char- 
acters, and chemical constitution of the oils. An attempt is likewise 
made to classify the oils so that each group contains some important 
commercial oil which is typical of the other members of the group. 
Thus, tlie oils included respectively in the rape oil, olive oil, and coco- 
nut oil groups -present a more or less close resemblance to rape oil, 
olive oil, and coconut oil respectively. 

The researches of Hazura and others have shown that notable 
differences exist between animal and vegetable oils, and on this 
account, amoug others, it is not found desirable m practice to place in 
the same group an oil of animal origin (eg. lard oil) with others of 
vegetable production (e.g. almond and olive oils), although in its 
physical and chemical characters it may closely resemble them Simi- 
larly, the oils from fish and marine mammals are advantageously 
arranged in a separate class fiona the oils of terrestrial animals. It is 
evident that the ineLting point of an oil is chiefly dependent on its 
chemical composition, oils of which palnntin and stearin aie the lead- 
ing constituents, being solid at ordinary temperatures, while in the 
liquid oils olein or lmolein predominates. The specific gravity of the 
fixed oils is also closely dependent on their chemical constitution, and 
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this becomes moie evident when the determination is made at a tem- 
peratuie at winch all oils are liquid. TJndei these cncunistances, the 
waxes are of the least specific giavity, then follow the molten fats, 
the noii-diying oils, the diying oils, and, lastly, castoi oil, which is the 
highest of all. 

I. Olive Oil Group — Vegetable Oleins — The oils of this group 
have a specific giavity langmg fioni 914 to 920, and hence are lighter 
than the oils of Groups III, IY, and V. Then viscosity is notably 
greatei than that of the drying oils, but infeuor to that of rape oil, and 
they do not lose their power of pioducmg a greasy stain on paper, bow- 
evei loug they may be exposed to the air They aie further charac- 
terized by foiming veiy solid elaidms, and by their moderate saponi- 
fication-equivalents and iodine absoiptions 

II. Kape Oil Group. — The oils of this class are all derived from 
the Ciucijeia\ They me geneially classed as non-diying, though less 
perfect in this lespect than the merabeis of Gioup I, from which they 
are further distinguished by the gi eater heat developed when treated 
With strong sulphunc acid, by their higher iodine-absorptions, by 
forming pasty elaidms, and, above all, by their high saponification- 
equivalents — a character which is due to the presence of esters of 
fatty acids of exceptionally high combining weight. 

III. CottoHseed Oil Group — In specific gravity these range 
from 920 to 926, or, when unrefined, somewhat higher In this charac- 
ter, as also m their elaidin reactions, iodine absorptions and the tempera- 
tures developed with sulphuric acid, the raembeis of the cottonseed 
oil group stand intermediate between the vegetable non drying oils, 
typified by olive oil (Group I), and the tiue drying oils of Group IY. 

IV. Linseed Oil Group — Drying Oils — These range in specific 
gravity fiom '924 to 937, and hence are distinctly heavier than the oils 
of the previous groups, though lighter than those of Gioup V. They 
are not solidified by treatment with nitrous acid, evolve great heat 
with strong sulphunc acid, and combine with large proportions of 
bromine and iodine On exposuie to the air m tlun layers they 
absorb oxygen and form varnishes, which are at first sticky, but after- 
wards plastic or even brittle. The viscosity of the drying oils is less 
than that of the oils of the preceding groups. 

V. Castor Oil Group. — The oils of this group have little in com- 
mon beyond their great viscosity and high specific gravity, which ranges 
from '937 to '985 Castor and croton oils are remarkable for their 
ready solubility in alcohol and glacial acetic acid, and their marked 
purgative properties 
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VI Palm Oil Group. — These are solul vegetable fats, not con- 
taining notable quantities of esteis of lower fatty acids Then melt- 
ing points are somewhat vaiiable, and are capable of pciniauent 
alteration 

VII. Coconut Oil Group — The members of this gioup aie solid 
vegetable fats, having high specific giauties and low sapouification- 
equivalents. The membeis of the sub gioup A contain notable pio- 
portions of esteis of lowei fatty acids — that is, of acids distilling with 
gi eater or less facility at 100° C. in a curient of steam Tins char- 
acter distinguishes them fioin nearly all otliei vegetable oils, and 
from all animal oils except buttei-fat The members of sub gioup B 
aie wax-like bodies of peculiar constitution 

VIII. Lard Oil Group — Animal Oleins — This group includes 
those natuinl and manuf.vctuied oils, fluid at ordinal y tenipeiatuies, 
which are obtained fiom teuestiial animals They lesemble the 
maune animal oils by darkening under the actum of chloiine, but 
aie not turned blown by boiling with caustic alkalies They do not 
di y appteciably on exposuie to air, and give moie or less solid elaidms 
with mtious acid 

IX Tallow Group — Solid Animal Fats .— This group comprises 
such fatty bodies fiom tenestnal animals as are solid or semi solul at 
oidinaiy tempeiaturcs. Buttei -fat is distinguished fiom all otliei mem- 
beis of the gioup by its high specific gravity and lower saponifi- 
cation equivalent, due to the piesence of a notable piopoition of 
radicles of butyric and other lower fatty acids 

X Whale Oil Group — Maiinc Animal Oils —This group com- 
prises the majonty of the fluid oils obtained fiom fish and maiine 
mammals They are distinguished as a class by their offensive fishy 
odor, which becomes more peiceptible on warming; by the 1 eddish- 
brown coloi they assume when subjeoted to the action of chlouuc, and 
by the 1 eddish or leddish-biown color produced on boiling them with 
a solution of caustic alkali. With concentiated sulpliuuc acid they 
give considerable rise of temperatuie and colorations, vaiying fiom 
light led to purple and brown. Most members of the group diy moie 
or less on exposure to the air, and yield but little solid elauhu on 
treatment with nitrous acid. In these 1 espects they lesemble the vege- 
table oils of the cottonseed group, and have similni specific giavity 
The oils from the sperm and bottlenose whales are peculiar, both asto 
their physical chaiacters and chemical constitution, and foim a sepa- 
rate class (Group XI) “Tiaw oil” includes the oil from the blubber 
of any maune mammal. 
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XI. Sperm Oil Group — Liquid Waxes — The members of this 
gioupdilFei fiorn all the f.itty oils of ptevious classes in consisting 
essentially of esteis of the ethyl senes. In this lespeet they leseinble 
the true waxes, but are fluid at the ordinaiy temperature They are of 
less specific gmvity than the true oils both at the oidmaiy temperature 
and at the boiling point of watei , and on saponification yield con- 
siderable proportions of solid higher horuoiogues of ethyl alcohol 
They do not dry or thicken notably on exposure to an and yield 
solid eloidmsou tieatment with mtious acid 

XII Spermaceti Group — Waxes Proper . — The members of this 
gioup aie solid at ordinaiy temperatures, and moie or less resemble 
beeswax, the piototype of the class They consist essentially of esters 
of the highei ladicles of the ethyl senes, with m some cases an ad- 
mixtiueof higher monatomic alcohols and highei fatty acids in the 
free state. Carnauba wax seems also to contain diatomic alcohol- 
radicles Sperm and bottlenose oils (Table XI) resemble the waxes 
in constitution, but are liquid at oidmaiy temperatures. The bodies 
known as Japan wax and my 1 tie wax (Table VII) are fats, not true 
waxes Paiaffin wax and mineral wax are hydrocaibons, and hence 
quite different in chemical constitution from the true waxes of animal 
and vegetable origin 

In the following tables the chief fats, oils and waxes of commer 
cial or scientific interest are on the principles above described • — 
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EXAMINATION OF FATS AND CRUDE OILS FOR 
FOREIGN MATTERS. 

By the term foreign ruatteis used m this connection it is not intended 
to signify the tiaces of cholesterol, cliloroplij 1, gummy, albuminous, 
and coloring matters, which are natuiul constituents of the crude 
fats and oils, but the term is applied to large proportions of free fatty 
acids and admixtures of resin, soaps, hydiocarbous, water, and mineral 
matter These bodies aie often added, either as adulteinnts or with 
the view of conferring some special property When iu small quan- 
tity, tho detection of some of them is attended with consideiable 
difficulty. 

In the case of butter, laid, and palm oil, more 01 less watei.curd, 
and salt are not infrequently piesent The methods of detecting and 
estimating such of these adraixtuies as are peculiar to each of these 
are described in the special sections An oil, if clear, may be regai did 
as free from such extianeous matteis, and their presence in a fat may 
usually be detected by melting the '-ample If an opaque oi opales- 
cent oil result, or one containing visible paiticle3 of suspended matter 
or globules of water, it should be purified from these by filtration 
thiough dry paper befoie pioceedmg to senrch for resin, fatty acid3, 
soap, or hydrocarbons 

Soap is sometimes directly added to an oil, but its presence is more 
frequently due to the use of alkali employed to increase density and 
viscosity Soap is readily detected by dissolving the oil in about three 
times its measure of ethei or freshly-distilled carbon disulphide, add- 
ing a little water, and agitating the whole thoroughly in a tapped 
sepai ator The soap will dissolve in the water, while the other foreign 
matters will dissolve with the oil, in the ether or carbon disulphide, 
and may be lecovered therefioni by distillation Tho soap may be 
determined by evaporating the aqueous liquid and weighing the le-udue 
after chying at 100° C The pioportion of soap may also be inferred 
from the amount of carbonate left after igniting the oil 

Insoluble Soaps are not infrequently present in oils, waste greases, 
and pliaiiuaceutical prepmations (“oleates”) Though insoluble in 
wfttei,manyof them are soluble in ethei oi petioleum spirit They 
may be decomposed by agitating the mixture with dilute sulphuric 
acid, when the acid liquid will coutam the metal of the soap, and a 
corresponding quantity of fatty acid will dissolve in the oily layer 
When it is desired to ascertain the proportion of free fatty acids 
originally in the oil. a titration with alkali should be made both 
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befoie and after shaking with dilute acid The difference between the 
two estimations represents the fatty acid produced by the tieatment 

Free Acid in Oils. — Commercial oils and fats veiy frequently 
contain notable proportions of free acid, which may either be mmeial 
acid, as a result of incomplete separation aftei lefinmg, or free fatty 
acid resulting from unskilful lefinmg or from the natmal decompo- 
sition of the oil. 

Mineral Acids are only accidentally present in fixed oils, and 
usually exist in veiy small propoi tions. Even minute quantities are 
highly objectionable in oil intended for lubricating, but are haimless 
when the article is to be used foi soap-making Mineral acids may be 
readily recognized by agitating the oil with warn watei, sepaiating 
the aqueous liquid, and testing it with a solution of methyl-oiange, 
which will give an orange or led coloration if any muieial acid be 
present. The nature of the mineral acid, which is most commonly 
sulphuric, can then be ascertained by testing the aqueous liquid with 
banum chloride, Bilver nitrate, and othei appropriate leagents Oils 
which, from over- treatment with acid during refining, contain a con- 
jugated acid or sulphonate, must be boiled with water for some time, 
in order to decompose the compound 

Free Fatty Acids are often noitnally piesent, and in some oils 
{eg , olive and palm) may exist in veiy large piopoition Free oleic 
acid is largely used as a lubricant in wool-spinning, and free palmitic 
and stearic acids are employed for making candles and night-lights 
All three acids are used for soap-making. 

The fatty acids differ from neutral fats and oils in having an acid 
reaction in alcoholic solution ; in being converted into soaps by treat- 
ment with alkaline carbonates or boiax; and in being fieely soluble 
in alcohol, even if the lattei be somewhat dilute. 

The free fatty acid maybe detected by shaking the sample with 
alcohol, and adding an alcoholic solution of lead acetate to the spirit- 
uous liquid. If a notable quantity of free fatty acid be present, a 
wli'to precipitate will result. Kesin and soap produce the same 
reaction 

A moie delicate method, which can be applied to the accuiate deter- 
mination of the quantity piesent, consists m titrating the alcoholic 
solution with standard caustic alkali, using phenolphthalein as an 
indicator. The method was first proposed by Hausamann, and test- 
analyses by Groger of artificial mixtures of known composition have 
fully established its accuracy. The following mode of operating is 
applicable to the determination of fiee fatty acids in whatever pro- 
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portion they may be piesuut. — Some methylated spnit is pm died by 
redistil lation with a little caustic soda, a little alcoholic solution of 
phenolphthalem added, and then dilute caustic soda diop by diop 
till the liquid letains a faint pink coloi aftei shaking, this pieliminuiy 
treatment being intended to secme the absence of any tiace of fice 
acid An accurately weighed quantity of the sample, varying fioin 
5 gim of fatty acid to 50 grin, of an oidinary oil, aie introduced into 
a flask ot bottle furnished with a giaes stopper, from 50 to 100 c c of 
the neutralised spirit is added and utised to the boiling point by im- 
mersing the bottle in hot water. The contents .ue thoroughly agitated 
to effect as complete a solution of the tatty acids as possible If the 
sample of oil be wholly fiee from acid, the pink coloi of the epiut will 
remain unchanged, but otherwise it will have disappeaied. In the 
latter case, a semi uoimal solution of caustic soda is added m small 
amounts to the warm contents of the flask, agitating tlinioughly after 
each addition until the pink colomtion persists after vigoious shaking. 
The leactiou is as well defined, and the neutialis.Uioii-pomt as easy to 
peiceive, as in the titiatiou of mineral acids, but owing to the very 
high combining weights of the fatty acids, gi eat caie is necessaiy' 
Thus, 1 c c of semi-normal caustic alkali used conespnnds to 0 128 
of pulmtlic, 0 142 of stem ie, oi 0141 grm. of oleic acid For detei- 
niining small proportions of free acid, it is dean able to employ deci- 
noi trial alkali, while in the case of samples containing much free acid 
the quantity taken for the assay should be correspondingly leduced 
In assaying palm oil, which often )ias a red color, the titration may be 
made on 5 gim. of the sample, dissolved ill 20 c c of spa it, the flask 
being placed on a white suif.ice. 

Resin acids present in the sample will be estimated by the above 
pi occss as fatty acids Their sepaiation from the latter is de-<cubed 
below Mineral acids will affect the accuracy of the results unless duly 
allowed foi , or previously separated by repeatedly agitating the oil 
with water. Soap and hydrocarbons do not niterfeie. 

The foregoing method may be supplemented by gravimetric deiei- 
mination. The resultant alcoholic liquid is separated from the oil, the 
alcohol evaporated, and water added. This solution is agitated with 
a little petroleum spirit (not ether) to dissolve suspended oil, the 
aqueous liquid separated, and the fatty acid liberated from the soap 

1 Tins method combines tlio adiantagos of the two methods of operating recommended 
by Archbutt (Analyst, iv 170) and W H Dec-ring (Jour Sac Chnn /..«/, iu 511), 
who have hod considerable experience of the process No practical difference is noted 
between the results obtained by titrating with aqueous alkali and with alcoholic alkali 
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solution by adding dilute sulphuric acid On agitating with ether, 
sepatating the ethereal solution, and evaporating it to dryness, the 
fatty acids can be weighed This method should be used when leain 
acids may be present In theii absence, the deteimination should 
be fan ly concoidant with the result of the titration. Soap should 
be previously separated Mineral acids and hydiocai bans do not 
interfere 

An aieometrical method of estimating the propoilion of fiee acid 
is desci ibed in the section on Olive Oil. 

The detection of resin in fixed oils is attended with some difficulty , 
its determination is troublesome and occasionally impossible 

Common rosm oi colophony, which is described in a special section, 
is added to oils to lmpait certain propci ties, but its employment often 
wholly unsuits them foi then intended purposes 

One of the methods of detecting losin is by the brown color it 
imparts to caustic soda The original sample is saponified, the alcohol 
boiled off, and the liquid tleated with sufficient caustic soda ley to 
cause precipitation of the soap The solution, separated from the 
soap by decantation or filtration through glass-wool, will be dark 
brown if resiu is present. The same reaction serves for the recog- 
nition of rosm in soap, previous saponification being unnecessary. 
The method may also be applied to the mixtuie of fatty and resin 
acids separated m the inanuei described in the table on page 117, The 
dissolved resin may be recovered by acidulating the alkaline liquid 
with hydrochloric acid, when a precipitate of resinous odor will be 
formed. The resin may be isolated by agitating with ether and evap- 
orating the ethereal layer to dryness, and maybe identified by its 
physical and sensible chaiacters 

In the absence of free fatty acids, resin may be isolated from fixed 
oils by agitating the sample with moderately strong alcohol, separating 
the spirituous solution and evaporating it to dryness It may also be 
isolated, and approximately estimated, by titrating the alcoholic solu- 
tion of the sample with caustic alkali and phenolphthalem as de- 
sci ibed elsewhere. As the seveial acids which ordinary colophony 
contains are not piesent in constant proportion, the neutralising power 
of resin is vauable, ranging fiom 0 310 to 0430 grm. of colophony 
for 1 c c. of normal alkali employed. The rosin subsequently extracted 
from the acidulated aqueous liquid, and left on evaporating the ethereal 
solution to dryness, is leadily recognisable by the taste and smell on 
heating, and m favorable cases lias the physical characters of rosin. 

In the last method of operating, the resin is obtained in admixture 
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with any fiee fatty acids the sample may hav,p contained These 
modify the physical properties of the extracted resin very materially, 
and lender the method useless for quantitative purposes. Iu such 
cases, if there is sufficient material for the purpose, a good indication 
of the relative proportions of fatty and resin acids in the mixtuie 
may be obtained by observing the density at the tempeiature of boil- 
ing water, as described on page 29 As, however, rosin vanes consid- 
erably in density and the fatty acids fiom various oils exhibit similar 
variations, the method furnishes but very rough results unless the 
source of the fatty acids be definitely known. 

A method of separating fatty fiom resin acids based on .the solubility 
of the barium salts of the latter in alcohol lias been devised by Jean 
and modified by K6mont Barlbed treats the sodium salts with etliei - 
alcohol, which dissolves chiefly the resiu acids T 8 Gladding de- 
scribed a method of separating fatty aud resin acids winch is based on 
the ready solubility of silver resiuate in ether, and the almost com- 
plete insolubility of silver oleate, Ac. even in piesence of a small 
quantity of alcohol. 

All tliesc methods have been superseded by that ol Twitchell (J h Cl, 
1891, 801), which, while not absolutely satisfactory, lurmslies much moic mu- 
rate lesults than the others It is based upon the iuel tlrnt uliph itie acids are 
converted into etbylie esters when acted upon by hydrochloric leid gas in their 
aleoholie solution , wlieieas colophony is said to undergo no change uudei tlie 
treatment, abietic ucid separating from the solution 

The rosin reacts aeul in alcoholic solution with pliennlplithalciii, aud unites 
readily with caustic potash to form a soluble soap All that is necessary, theie- 
fore, is by tlie means indicated— to combine the fatty acids with alcohol, when 
the resin acids may be titrated with standurd caustic soda solution, using phenol 
phtlialeiu ns indicator , or they may be combined with potash, and the losin soap 
thus formed separated irom the saponified fatty esteis by evtiacting vvilb 
naphtha in a separating funnel 

The gravimetric method is earned out as follows 2 to 6 grm of the nu\tuie 
of fatty acid and iosiu are dissolved in teu times thur i oltime of absolute alcohol 
in a flask and dry hydioclilo-ie acid pissed through in a moderate stream The 
dusk is set iti a vessel with water to keep it cool Tlie Kill is 1 ipidly ibsoibtd, 
and, aftei about forty-five minutes, the esters scpauilt, flailing in tin solution, 
mil no more hydcochloiic aud is absorbed The euitcut of gis is stopped and 
the flask is allowed to stand tor half an hour to complete the re.iLtisn The 
liquid is diluted with about five times its volume of watch ami boiled until the 
acid solution is clear, the esters, with resin iu solution, floating on the top To 
this is added some naphtha and the whole transfer] eil to a sepuatmg funnel, the 
flask being washed oat with naphtha Tlie aeul solution is then run olf and 
the naphtha solution (which ought to measuio about 50 c c ) washed once with 
watei aud then treated in the tunnel with a solution ol 0 5 gun KIIO and 5 c c 
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of alcohol in 50 r c of water and agitated The roein is immediately saponi- 
fied aud the two ia> ers scpar ited completely The solution of rosin soap can 
then be run off, treated with acid, tlia rosin collected in any manner desired, 
dried, and weighed A second washing ot the soap with naphtha is hardly 
neiessary, as very little remains after the first extraction The naphtha used is 
74° gasolin, aud foi this purpose is to he pieferred to ether 

The first stages of the volumetric method are similar to the gravimetiic, with 
the exception that the contents of the flask are washed into the separating fun- 
nel with ether instead of naphtha, and tbo ether solution in the funnel is then 
thoroughly washed with water until the wash water is no longer acid , 60 c c 
of alrohol, pieviously neutralised, me then added and the solution titrated with 
standard caustic soda solution If the combining equivalent of rosin be known, 
its pciceutage may bo calculated, or some of the original mixture may he also 
titrated, when the difference in caustic soda required will correspond to the fatty 
acids ronveited into ester 

Twitehell found that when 90 per cent of alcohol was used, instead of abso- 
lute aliohol, only .92 per cent of the fatty acids were converted into esteis If 
the alcoholic solution becomes heated hr the pissage of the bydiochlonc acid, 
or if the solution he boiled without first diluting with water, the tosin suffers 
change ami leqmres less alkali to neutralise it 

That the results obtained by the above method aro not absolutely correct, 
has been show n by Lewkowitsch (J S C 1 , 1893, 504) The mean combining 
weights of different brands of commercial resin vary within considerable limits 
The following results were obtained by Lewkowitsch by the examination of six 
different brands of American lesm 




t Grv Rfouircs 


2 7470 
2 8307 
2 8772 
2 9119 
2 9295 
2 0342 


154 11 
159 00 
161 41 

163 30 

164 34 
164 61 


352 86 
347 67 
343 42 


340 80 
348 33 


710 06 
687 92 
677 14 
668 84 
664 60 
663 60 


The average (348 33) agrees pretty closely with TwitchelTs figure (346), but it 
is evident that rather widely differing results will be obtained, according to the 
particular sample thatmay have been used Further, Lewkowitsch shows that 
under the action of the hydrochloric acid the resm appears to undeigosome 
destruction with the iurmation of acids of lower molecular weights, since the 
volumetuc analyses gave, as a rule, too high results, In the gravimetiic proc- 
ess, again, some of these secondary pioducts pass into the aqueous solution 
without being dissolved by the petroleum-ether By a subsequent extraction 
with ether part of the dissolved substances may be recovered, but even then the 
results of the gravimetric analyses were fonnd too low Of course the unsapom- 
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liable oils occulting in lesm leniani in tlie petrolenm-ethci solution ami thus 
escape being ncighcil Lewhowitsch gives the following tables as unbelting 
lio w nearly, in praclie.il cases, the lesults obtained by eithei process approach the 
theoietical ones 

The “mixed bitty and resin acids” wore obtained from soaps specially pie- 
paied on a laige scale from carefully weighed quantities of fats and reams 
Average samples of the fats and the resin were examined separately for tlio 
yield of fatty acids fiom the former and for the combuung weight of the latter, 
these determinations being indispensable for a correct calculation of the theoret 
ical amount of resm acids 


Volumetric Analysis 


Mixed Fattv 


Resin Acids 

Resin Acids 

Theory 

Experiment 

Noi, . 

ForCt-m 

Per Lent 

9 98, 9 31, 9 795,9 91 

2, 

19 0') 

23 97, 24 65, 22 03, 23 28, 23 98, 24 08 

3, , 

21 45 

21 96,2178,23 0 3 

4, 

24 00 

24 89, 25 15, 25 <)6, 21 23 

5, 

30 31 

20 60, 30 12, 28 18, 29 78 

6, 

39 81 

40 24, 40 37, 41 44, 42 13, 41 8, 40 37, 

7, 

45 05 

42 18, 40 55, 40 07, 40 05 

45 76, 46 50, 49 61, 47 06, 48 45, 43 06, 


41 12, 41 81, 40 77, 44 72, 47 84, 45 34, 

44 24, 44-48, 44 39 


Gravimetric Analysis 


(Mixed Fattx 


Hi sin Acids 

Resin Acid, 

Theory 

I xperiment 



l*er Lt.nt 

No 1, . . . 

9 79 

9 38, 9 97 

2, . . 

19 69 

20 46, 20 55, 19 90, 19 99, 19 44, 19 33 

3, . 

21 45 

19 25, 18 27, 19 37, 17 83, 19 54, 18 61, 

18 57, 19 16 

4, . . . 

24 66 

20 67, 16 65, 21 76 

5, . 

30 31 

35 76, 25 06, 23 60, 26 10 

6 

39 81 

35 97, 38 86, 36 44, 36 14, 35 42, 35 86, 

32 51, 36 29 

7 , ... . 

45 05 

37 58, 37 23, 37-29, 36 97, 35 32, 40 06, 36 8 


By washing the petroleum-ether solution with alkali a second time, and 
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extracting the acid layor with common ether, the following results weie 
oht lined — 


Mill D 1 ATT* 



nxjjtrhnuiU j 

Fxtrwtc'il bv 
rii“a Mkill 
U’osli 

l \ti ictod l>r 
‘•‘ucorul vik.ili 

DstnUi il In 

Total 

No, 2, 

% 

3, . 

4, 

5, • 
G, 

g, 

19 G9 
19 69 
21 15 
21 45 
31 CG 

1 24 GO 
30 31 
30 31 
30 81 
30 81 

Kr Cent 

19 4G 

18 44 

19 14 

19 19 

21 73 

23 39 

2(5 93 

34 06 

34 596 

Tel Cent 

0 515 

0 074 

0 105 

0 061 

0 170 

0 359 

0 010 

0 0S5 

1 20G 

0 100 

*1 045* 

0 822 

0 3G15 

0 2839 
1203 

1 01 

2 41 

0 72 

15G7 

1 12 

Pu CtlU 

20 62 

19 34 

19 607 

19 64 

25 102 

23 64 

28 18 

27 75 

37 SO 

35 91 


Illzei and Defres (ahst Analyst, 1897, 244) And that the acids of blown 
shellac gave by Twitch ell’s method 86 56 per cent of “rcsm acids" not con- 
verted into esters by the passage of hydrochloiie acid through the alcoholic 
solution By shaking out the peti oleum spirit solution ot the acids and esters 
with dilute sodium hydioxule an ester was obtained which foimedalightyellow, 
semitransparent, lesm-like mass which had a saponification number of 199 5 

The acids of an orauge shellac having acid number 53 05 and saponification 
number 200 93 give by Twitchell’s process 72 89 per cent of resm acids which 
could not ho estonfied The shellac acids appear to behave to some extent like 
fatty acids, since pait of them form esters on being treated with hydrochloric 
acid gas in alcoholic solution 

Specimens of Angol i-copal and Kauri-copal when examined by Twitchell’s 
process show respectively 8(5 01 and 86 37 per cent of resin acids 

Hydrocarbon Oils. — The extensive pioduction of various hydro- 
carbon oils suitable foi lubacafing pui poses, together with their low 
price, has resulted m their being largely employed for the adulteration 
of animal nnd vegetable oils The hydrocarbons most commonly 
“mployed are. — 

1. Those produced from peti oleum and by the distillation of bitun n- 
1 ecus shale 

2 Those produced by the distillation of common rosin, having the 
nature and properties detailed in the section on “Rosin Oil.” 

3. Neutral coal oil ; being the portion of the products of the distil- 
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lation of coal-tar boilmg above 170° C.arnl fieed fi om plienoloid 
bodies by tieatment with soda. 

4 Solid paraffin, employed for the adultei ation of beeswax and sperm- 
aceti, and used in admixture with stearic acid for making candles 

The piesence of hydrocarbons in fnts and fatty oils is detected by the 
altered density-of the sample, which is decreased by members of the 
fiist class, and increased by rosm and coal-tai products, by the lower- 
ing of the dashing and boiling point, by the fluoiescence of membeis 
of the fiist two classes, and by the mcomplete saponification by 
alkalies. The taste and odor on heating aie also valuable indications. 

Specific gravity is a character of some little value for detecting and 
approximately estimating hydrocarbons, but in practice the indications 
obtained are apt to be reudeied valueless by the employment of a 
mixture which has the same density as the oil to be adulteiated 

The tendency of a hydrocnibon is to leduce the flashing and boiling 
point of the lived oil, and in some cases a distinct sepniation may be 
effected by fractional distillation 

Fluoiescence is a charactei of consideiable value for detecting the 
piesence of hydrocarbons If undoubtedly fluorescent, the sample 
certainly contains some hydiociubon, 1 but the couveise is notstnctly 
true, as the fluorescence of some varieties can be destroyed by treat- 
ment, and some hydrocarbons have no fluoiescence Most of the 
hydiocaibons employed for lubi mating purposes aie strongly fluores- 
cent, and the many otheis become so on treatment with an equal 
measure of strong sulpluuic acid. Ahydrocaibon possessing strong 
fluorescence may be evident in presence of a vciy large propoition of 
hxed oil , but if nny doubt exist, the hydiocaibon should be isolated 
in the raaunet described on page 112 The fluorescence may usually 
be seen by holding a test-tube filled with the oil in a veitical position 
in front of a window, and looking at the sides of the test tube from 
above. A better method is to lay a glass rod, previously dipped in 
the oil, down on a table in front of a window, so that the oily end of 
the rod shall project over the edge, and be seen against the dark back- 
ground of the floor. Another plan is to make a thick streak of the 
oil on a piece of black marble, or glass smoked at the back, and to 
place the streaked surface in a horizontal position in front of, and si 
right angles to, a well-lighted window Either of these methods is 
better than the polished tinplate often recommended The background 

1 Arohbutt states that genuine rupa oil sometimes exhibits fluorescence This may- 
be due to the accidental piesence ot an insignificant proportion of mineral oil, ns fluores- 
cence beooraes stronger with dilution of tlia fluorescent substance 
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should be black, not white. Examined in this manner, very slight 
fluorescence is readily perceptible. If at all turbid, the oil should be 
filteied befme applying the test, as the leflection of light from nnnute 
particles is apt to be mistaken for true fluorescence In some cases it 
is desirable to dilute the oil with ether, to which an exceedingly small 
amount of mineral oil 19 sufficient to impart a strong bine fluorescence 
This is useful in the examination of very daik oils, as the color is re- 
duced without the intensity of the fluorescence being correspondingly 
deeieased If the oil be very dark, e g , a dark Gallipoli or brown 
rape oil, it should be first refined by agitating it successively with 
small proportions of concentrated sulphuric acid, water, and solution 
of sodium carbonate, and subsequently filtering In some cases de- 
ooloiisation may be effected by warming the oil and agitating it with 
freshly burnt animal charcoal, the liquid being subsequently filtered 

It must be borne m mind that the fluorescence is not perceptible by 
gaslight, but may be brought out by burning a piece of magnesium 
ribbon in the proper position. 

The quantitative analysis of mixtures of fat or fixed oils with hydro- 
caibons is best carried out by the following method, which combines 
rapidity, certainty, tolerable accuracy, and geneial applicability, and 
at the same time furnishes the hydrocarbons m a condition for further 
examination. The method has been thoroughly studied and largely 
used by the author • — 

The hydrocarbons which are to be determined are all unaffected by 
alkalies, wheieas animal and vegetable oils and waxes undergo saponi- 
fication. If potash or soda be employed, the resultant soap ib soluble 
in water. The hydrocarbons, though insoluble in water and unaffected 
by alkalies, dissolve with greatei or less facility in concentrated solu- 
tions of soap, and are very imperfectly separated on dilution They may, 
however, be dissolved out from the dry soap by ether, chloroform, 
carbon disulphide, benzene, or petroleum spirit. In some cases a 
good separation is obtainable, but in others a considerable quantity of 
soap passes into solution, especially if the solvent be employed at a 
temperature approaching its boiling point. This tendency of the 
soap to undergo solution may be wholly avoided by treating the aqueous 
solution with the solvent, instead of exhausting the dry soap 

The following are the details of the manipulation — Five grm. of 
the sample are saponified by alcoholic alkali, the solution freed from 
alcohol, 1 and transferred to a separator of about 200 c c. capacity, 

1 If the aloohol be completely eliminated, the ethereal layer is apt not to separate from 
the aqueous liquid at the next stage 
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furnished with a tap below ami a stopper at (he top The tube below 
the tap should be giound or filed off obliquely, so ns to prevent any 
liquid flora leinaiuing in it. Tho liquid is diluted with water till it 
measuies flora 70 to 100 cc From 50 to 60 cc. of ethoi should 
next be added, the stopper luseitcd, the liquids thoroughly shaken and 
allowed to lest foi a few minutes. As a tule, two well-dofiued layers 


will fo.ra, the lowei one biowmsh, consisting of the aqueous solution 
of soap, the uppei of etliei, containing any hydioeiubon iu solution. 
Sep.il at ion does not always occur leadily, the liquid leraniniiig appar- 
ently homogeneous, or assuming a gelatinous consistency. Ill such 
cases, separation may be induced by thoiougbly cooling the contents 
of the separatoi ; by adding caustic potash solution ; by adding raoie 
ether and reagitating, oi, if all these means fail, a few cubic centi- 
metres of alcohol may be added, and a gentle mtatoiy 
movement linpaited to the liquid, avoiding complete ad- fi 
mixture, when a very rapid separation of the etheieal 
layei almost mvanably occuis. The aqueous liquid is W 
then run through the tap into a beaker About 10 c c. 1 J 

of watei and a few drops of caustic alkali solution me J“ J f^ 

added to the ethei which remains in the separatoi , and / ' -\ 

the whole agitated The washings me then run off in l i| 1 U 

then turn, and after lepeatmg the tieatmeut with watei, \ ' ■/ 
which is removed by the tap as before, the ethereal ^p*-jv-~v 
solution is poured off through tho mouth into a tared SV" 

flask The aqueous liquid and washings me then re- y 
turned to the sepnmtoi, and agitated with a ficsh quan- rn. s 
tity of ether, which is washed and pouied into the flask 
as before. The agitation of tho soap solution is lepeated once more, 
when the extraction of the hydrocarbon oil will be eomptete The 
ethereal solution will usually be stioiigly fluorescent The flu&k con- 
taining it is attached to a condensing ai r<uigemen t, and tho gieater 
pmt of the ether distilled off by linmeisiug the flask in boiling water. 
When distillation has ceased, the condenser is detached and the flask 


placed on the top of the water-oven, by which the.iebtof ether is soon 
dissipated. Sometimes the hydioearhon will contain globules of water, 
in which case the flask should be held honzontally, and lotated rapidly, 
so as to spread the oil over the sides in a very thin layei, and 
facilitate the evaporation of the water When no more water is 
visible, and the smell of ether is scaieely peiceptible, the flask is 
placed on its side in the watei -oven for ten or fifteen minutes and 

VOL II— -8 
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weighed, 1 when the increase of weight over the original tare gives the 
amount of hydrocarbon oil extracted. Prolonged heating should be 
avoided, as many hydrocarbons are sensibly volatile at 100° C. This 
is notably the ease with coal tar oil, and hence, in analysing mixtures 
containing it, the heating in the water-oven should be wholly dispensed 
with With rosin oil, paraffin wax, and the denser mineral oils there 
is but little danger of loss by volatilisation at 100° C 

The foregoing process has been extensively employed by the author, 
and has been proved to be accurate on numerous mixtures of fatty oils 
with hydrocarbon oils The results obtained aie correct to within 
about 1 per cent in all ordinary cases 2 In cases where extreme accu- 
racy is desired, it is necessary to remember that most, if not all, ani- 
mal and vegetable oils contain traces of matter wholly unacted on by 
alkalies In certain cases, as butter-fat and codhver oil, this consists 
largely of cholesterol, C^HuO, which may be obtained in character- 
istic crystalline tablets by warming the ethereal extract with alcohol, 
and allowing the solution to cool. The proportion of unsapomfiable 
matter soluble in ether which is naturally present in fixed oils and 
fats, rarely exceeds 13 per cent, and is usually much less Sperm and 
bottlenose whale oils, however, constitute an exception, yielding about 
38 to 40 per cent, of matter soluble in ether This peculiarity has 
little practical effect on the applicability of the process, as sperm oil 
being among the most valuable of commercial fixed oils, it is rarely 
present without due acknowledgment of the fact An unknown oil 
may be recognised as sperm or bottlenose oil by the characters detailed 
m the section relating to them 

Spermaceti and the other waxes yield after saponification large per- 
centages of matter to ether, and hence the process is not available for 
the determination of paraffin wax m admixture with these bodies, 
though it gives accurate results with the mixtures of paraffin and 
stearic acid so largely employed for making candles 

1 Sometimes it is vory difficult to. obtain a constant weight by the means indioated m 
the text In suoh oases, instead of heating the flask on the water-oven, it should be kept 
on tho bath of boiling water and a moderate current of air, filtered by passing it through 
a tube containing eotton-wool, should be blown through it by a second tube passing 
through the cork The fittings are then detached, and tho flask heated for a short time 
m tho water-oven 

1 Traces of fatty oils which had escaped saponification and traces of soap are apt to pass 
into tho ethereal solution, and hence tho proportion of unsapomfiable matter found is 
often slightly reduced on treating the other-residue with alcoholic potash, and again 
extraoting the solution of the soap with ether 
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The following table indicates the behavior of the constituents of 
complex mixtuies of fats, oils, and waxes when the aqueous solution 
of the saponified substance is shaken with ether: — 


Dl=bOL\ l D TUI Eiiier 

Kfmainino in mr Aqueous Liquid 

Hydrocarbon Oils, including 

Shale and Petroleum Oils, 

Rosm Oil Ilydrocniboiis, 

Coal tar Oil, 

Paralhn Wax ami O/okcute, 
Vaseline 

Neutral Resins. y 

Unsapomfied Fat or Oil ts 
Utisopomllable matter, as Cliolcs- 
terin, from livei oils, &c ^ 

Dodccatyl Alcohol, frotnjjfierin and 
Bottlenose Oils iS s 

Cetyl A Icohol, from Spermaceti «// 
Myueyl Alcohol, fiotn Beeswax t/ 
Coloring matters, as from Palm Oil c 

Fatty Acids 

Resin Acids In the form of 

potassium 

Carbolic ami salts 

Cresylic Acids, 
and other phenols 

/ 

Glycerol (Glycerin). 

Excess of Caustic Potash. 

/ 


The hythocaibon having been isolated by saponifying the sample 
and agitating with ether, its nntuie may be ascertained by observing 
its specific gravity, taste, and smell, behavior with acids and bromine. 
If the proportion be small, it may he necessaiy to operate on a laiger 
quantity than 6 grm. of the sample. A good appioximation of 
the specific gravity of the extracted hydrocaibons may be made 
on Hagei’s principle, by adding a drop of the oil to very dilute 
alcohol, or ammonia, and adjusting the strength of the liquid so that 
it may be identical with that of the drop of oil. -The specific gravity 
of the dilute alcohol is then ascertained in the usual way. The fluor- 
escence of hydrocarbons is best observed in the manner described on 
page 111 It often becomes intensified by treating the extracted hydro- 
carbon with an equal measure of strong sulphuric acid. 

The smell and taste of the hydrocarbons are often highly charac- 
teristic of their origin The smell of coal-tar oil is readily observed, 
and the taste, especially the after taste, of rosin oil is not to be mis- 
taken The smell produced on strongly henting a drop of the oil in a 
platinum capsule is also highly characteristic. Fuither details re- 
specting the tests foi hydrocarbons are given in the section on “ Min- 
eral Lubricating Oils.” 

The higher alcohols from sperm and bottlenose oil may be separated 
from hydrocarbons by treating the ether-residue with rectified spirit, 
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which dissolves the alcohols without notably affecting the hydro, 
carbons. 

If the aqueous liquid separated fiorn the etheieal layer be treated with 
dilute sulphuric acid, the fatty acids are liberated, and may be weighed, 
titrated with standard alkali, or otherwise examined. 

When it is merely desired to ascertain appioxirnately the proportion 
of hydrocarbon oil in a mixture, and not to isolate it and examine it 
further, there is no occasion to extract the solution of the saponified 
oil with ether Instead, the aqueous liquid may be at once acidulated 
with dilute sulphuric acid, a little ether added to promote the sepaia- 
tion of the mixed hydrocarbon oils and fatty acids, the aqueous liquid 
tapped off, and the oily layer repeatedly agitated with water till the 
washings are no longer acid to litmus Rectified Bpint and a few 
drops of plienolplitlialeni solution are then added, and the liquid 
titiated with decmoimal alkali The oleic acid thus deduced, mul- 
tiplied by T053, gives the amount of sapomfiables, and the differ- 
ence may be regarded as unsaponifiable matter The latter repre- 
sents the hydrocarbons, and the foiraei the fat or fixed oil of the 
mixture, provided that waxes, including sperm and bottlenose oils, aie 
absent. 

When the nature of the fat or oil is known, and it is meiely de- 
sired to estimate the proportion of hydrocarbon piesent, and not to 
ascertain its exact cliaractei, a veiy fair approximation to the truth 
cau be obtained by ascertaining the saponification equivalent of the 
sample 

The table on page 117 give9 an outline of the processes described in 
the foregoing section. 


IDENTIFICATION OF FIXED OILS. 

The recognition of an unmixed fat or fixed oil may usually be 
effected by a careful application of the methods of examination 
already described. Systematic schemes for the purpose have been 
devised, but can not be implicitly lelied on, owing to the variable 
nature of the bodies themselves. The color reactions are of little 
value, unless confirmed by the indications of other tests. 

In examining fats and oils for the detection of adulteration, the 
relative commercial value of the different kinds should be kept in 
view. In addition to the adulteration of the more valuable bodies 
with the cheaper, the use of hydrocarbon from distillation of petro- 
leum, shale, coal, and rosin, is also extensively practised 
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In practice it is often of less impoitance to know the origin of a 
sample than whether it may be used as a substitute for the genuine 
Oil This, may be ascertained with tolerable certainty and in some 
cases the nature of the adulterants definitely detected 

It is not possible to give a general scheme available for the identi- 
fication of any unmixed fat or fixed oil, but the examination may be 
conducted on a systematic plan. By the following method identifi- 
cation may generally be effected, and much information gained that 
will suggest the special tests for the bodies suspected to be present — 

1. Place a drop of the oil on the back of the tongue by means of a 
glass rod and taste it carefully, avoiding too hasty a decision. In this 
manner marine animal oils, linseed, croton, mineral, rosin, and 
some othei oils may often be detected. Rosin oil is remarkable for 
the uauseous after taste produced by it Rancidity may also be recog- 
nised by taste. 

2 Heat a portion of the sample in a porcelain or platinum capsule 
to about 140° or 150° C , and observe the odor carefully. When 
sufficiently cool, pour a little into one hand, rub with the other, and 
smell again. A little practice will allow of vegetable oils being 
readily distinguished from animal oils, and the products of fish and 
manne mammals from those of terrestrial auimals The odor on heat- 
ing will also frequently permit the recognition of mineral and rosin' 
oils, and, if the lemainder of the sample be strongly heated till it 
ignites and the flame then blown out, the vapors will often have a 
characteiistic odoi . 

3 Ascertain the specific gravity of the sample at 15 5° 0 if fluid at 
that temperature, but at the boiling point of water (page 29) if solid at 
the ordinary temperature. This test is valuable, but if the sample be 
veiy old, or a mixture of several bodies, or if much free acid be present, 
the indications are less reliable. The tables on pages 119 and 120 will 
enable an unmixed substance to be arranged in one of nine gioups. 
More precise figures are given in the tables ou page 91 e< seq 

Speim and bottlenose oils are readily distinguished from shale and 
petroleum products of similar density by the elaidm test, the deter- 
mination of their saponification-equivalents, and the quantitative 
results of their saponification. Their deteimination when mixed 
with hydrocarbon oils may be effected as described under “ Sperm 
Oil.” Oleic acid is distinguished fiom hydrocarbons by its solubility 
in an aqueous solution of caustic soda. Mixtures of oleic acid and 
hydrocaibons may be analysed by titration with standard alkali. If 
fixed oils be present, the methods given on page 117 should be used. 
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Oils. 




Specific Gravity 

T 16° TO 16° c 









875 to 884 

884 to 012 

*01 2 to 920 

020 to 037 

9*7 to 070 

Vegetable 

Oils, 

None 

None. 

Olive .a 

Almond ® 
Aiaclns 5 
Rape and C 
Colza 1 
Mustard | 

Cotton- 
seed f 

Sesame » 

Sunflower i. 
Hazelnut -3 
Poppyseed g 
Hempsecd ~Z 
Linseed % 

(raw) I 

Walnut « 

Japanese 

wood. 

Croton 

Castor. 

Boiled Hn- 
- seed. 

Blown oils. 





Coconut olein 


Terres- 

trial 

Animal 

Oils, 

None. 

None. 

Neatsfoot 

Bone 

Lard oil. 
Tallow oil 

None 

None 

Marine 

AnimaL 

Oils, 

Sperm 

Deghug 

Bottle- 

nose 

None 


Whale. 

Porpoise Seal 
Menhaden 

Cod liver. 
Slink-liver 


Fatty 

Acids, 

None 

Oleic 

acid 


Linollc acid 

| It it i nolic 

acid 

Hydro- 

carbons, 

Shale 

products 

Petro- 

leum 

products 

Shale 

products. 

Petro- 

leum 

products 

Heavy 

petroleum 

products 

Heavy 
rmneial oil. 

None 


F A.TS 




Srcciric Gravity at 08° ro 100° C 1 

SURSTAKOE 





750 to 800 

800 to 855 

855 to 8t>3 

863 to 877 





Pal mnu toil 
Coconut oil 

Vegetable 

Fats, 

Noue 

None 

Palm oil 

Cacao butter 

My i tie “'wax ” 
Cottonseed 
stearin 

Animal Fats, 

None 

None, 

Tallow 

Laid Suet 
Dripping. 
Bone fat 
MitTgnrine. 

Butter f it 
Compouhd lard 
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Waxes 




Spcciric Giur 

TV « 98» T0 10 o 

c 







750 to 800 

800 to 853 

865 to 803 

803 to 877 

Vegetable 
and Annual 
Waxes, 

None 

Spermaceti 
Beeswax 
Chinese wax 
Ciiiualiba wax 

None, 

None 

Free Fatty 
Acids, 

None 

Stearic acid 
Palmitic acid 
Oluc acid. 

None 

None. 

Hydro- 

carbons, 

Pataffin 

Ozokerite 

glmle and 
petroleum 
pioducts 

Vaseline. 



The hydrocarbon oil produced by the distillation of rosin is not included m 
these tables, as its high density ( 970 to 1 000) places it outside any of the 
classes The same remark applies to rosin itself, which is somewhat denser 
than water, and to coal-tar products of high boiling point which might be mis- 
taken for, or found mixed with, the fixed oils. 


The non-drying vegetable oils are distinguishable from the similar 
oils of animal origin by their taste and odor on heating. The melting 
points of the acids from animal oleins are much higher than those 
prepared from the vegetable non-drytng oils. Many of the vegetable 
oils show absorption-spectra which is never the case with animal 
oils. The vegetable non-drying oils may be distinguished from 
each other by various tests Rape and mustard oils are distinguished 
from others by insolubility m glacial acetic acid and by high 
isapomfication-equivalents. Bone oil usually gives an orange or 
f reddish-yellow elaidin of a pasty consistence, while lard oil and tallow 
oil yield a firm product of a pale or lemon-yellow color. The product 
from neatsfoot oil is variable. 

The acids from the moderately drying oils, especially cottonseed, 
solidify at a much higher temperature than those from the strongly 
drying oils, and the same distinction applies, though in a less-marked 
manner, to the oils themselves 

The oils possessing drying characters may be in a great measure 
differentiated by their specifio gravities and viscosities. The elaidin- 
test and color-reactions furnish further means, to which may be 
added the solubility in glacial acetic acid, rise of temperature with 
sulphuric acid, iodine-absorption, and melting and solidifying points 
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of the acids. The figures oidinanly yielded by those methods of 
examination are expressed in the following table’ — 




Ti mi rnATum 


Fatty -Ac 

[DS (IIOUI ) 

Oil 

TKMP] HATURl 
(VaLI N1A ) 

’("uTStNfi) 

An ( T“ 

McHing 

Foiut 

Salhiifylng 

Cottonseed, 

Sesame, 

Nigerseed, 

Poppyseed, 

Hempseed, 

Linseed, 

"Walnut, 

87 to 110 

87 to 107 

!! 

57 

67 to 75 

67 to 70 

81 to 82 

86 to 88 

98 

103 to 111 
101 

103 to 100 
103 to 108 
133 

134 to 137 
143 

155 to 160 
142 to 144 

37 7 

26 0 

20 0* 
20 5 

19 0 

17 0 

20 0 

30 5 

22 3 

16 5 

15 0 

13 3 
ICO 


Coconut olein is distinguisned from other vegetable oils by its low 
saponification-equivalent and the very moderate beating produced 
by sulphuric acid. 

The marine animal oils may be distinguished as a class by their 
fishy smell and taste ; by the red or reddish-brown color obtained on 
saponifying them ; and by the darkening that ensues on passing a cur- 
rent of chlorine through them. They may be differentiated by their 
saponification equivalents, behavioi with acetic acid, rise of tempera- 
ture with strong sulphuric acid, and other tests 

The color-test with sulphunc acid is useful Porpoise oil and some 
varieties of whale oil contain a notable proportion of esters of lower 
acids, and give characteristic results with the distillation- test. 

Oils of specific gravity above 937 are few and easily distinguished. 
Croton and castor oil are puigative and readily soluble in rectified 
spiiit, but have little further resemblance Coiled linseed oil and 
Japanese wood oil have specific gravities between ’937 and ’OSO, dry 
rapidly on exposure, and give a firm brown or black clot with sulphuric 
acid. Blown oils closely resemble castor oil, but may be distinguished 
as described in the section ti eating of that oil. Bosiu oil has a specific 
gravity exceeding '970, and is not saponified to any considerable extent 
by alkalies It is readily identified by its strong after-taste, and the 
terebinthinous odor developed when the sample is heated till it catches 
fire, and the flame then blown out Mixtures of rosin oil with fatty 
oils may be analysed as described on page 112 

1 This figure is not duo to Hllbl, but la the menu of several determinations liy L Arcli- 
butt Hdbl’s molting and solidifying points wore determined by introducing tho fatty 
noids mto a narrow test-tube, gontly agitating with a thermometer, and noting tho pomt 
at which the whole contents become either quite olenr or slightly cloudy 
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The following table shows the behavior of the principal fish oils 
with impoitaut tests For comparison, sperm and bottleuose oils are 
included in the table 



The solid hydrocarbons having a density below 800 at the boiling 
point of water aie described undei “Paraffin Wax 11 
The distinctions between the various waxes are fully indicated in 
the table on page 102, and in the special sections on “Spermaceti," 
“ Beeswax,” and “ Carnauba Wax ” Free acids are at once distin- 
guished from the waxes by tlieir solubility in alcohol, behavior with 
alkalies, and their saponification equivalents, ftom each other by their 
melting points and combining weights Vaseline and similar hydro- 
carbons are sharply distinguished fiom the waxes and fatty acids by 
being incapable of saponification 

The vegetable fats of low specific gravity are somewhat numerous 
and have not been much studied, but few of them are common. 
The color, taste, and odor suffice to distinguish many of them, and fur- 
ther information is afforded by Valenta’s acetic acid test and the 
determination of their melting and solidifying points The animal 
fats may be distinguished by similar means 

The vegetable fats of high specific gravity are readily differentiated 
Coconut and palinnut oils are soft, melt readily, and have low saponi- 
fication-equivalents Japan and myrtle wax are hard, wax-like bodies 
of comparatively high melting point (See “Japan Wax ”) Palmnut 
(ml is distinguished from coconut oil and coconut stearin by its taste 
■and smell. Butter-fat is the only fat of animal origin (except wool 
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fat) having a specific giavity higher than '863 Its odor, taste, and 
behovior with Reichert’s test aie highly clmiacteiistic. 

The nature of the sample having been indicated, fuither confirma- 
tion may be obtained by means of the tables commencing on page 91. 
The principal fats, oils, and waxes me described at gicater length in 
the following sections 

In the case of a sample consisting of a mhiure of wholly unknown 
hodiea, identification of the constituents is often a difficult problem, 
but when the leading component 10 known or can be recognised, tho 
detection of the otheis becomes more feasible. In most cases oils can- 
not be recognised by distinct and specific tests such as exist for the 
different elements, and in anivmg at a conclusion as to the compo- 
sition of any sample of mixed oils the analyst must bo content to 
be guided in a great measuie by circumstantial evidence and a careful 
consideration of probabilities. The foregoing methods of examination 
aieof cour°e employed, and in addition such special tests as will be 
found descubed under the various heads. The sub ai tides descriptive 
of the moie important substances contain a list of the admixtures 
most commonly found in each and special tests suitable for its detec- 
tion. 

The following facts are important in the examination of complex 
samples, and to a less extent foi tbe identification of unmixed ones. 

Much information may be obtained by determining the products 
formed by saponification. Thus most fixed oils and fats yield a soap 
and glycerol, but sperm oil and the waxes yield products differing 
from glycerol in being insoluble in water but soluble 111 ether. Sperm 
the bottleuose oils only yield about 63 per cent of fatty acids, while 
most other fixed oils (not the waxes) give about 95 per cent. Butter- 
fat, porpoise oil, and the oils from coconut and palmnut yield a nota. 
ble proportion of acids which are volatile or soluble m water, but in 
the case of almost all other fats and oils the acids are practically in- 
soluble. Resin gives neatly 100 peL cent of resm acids and 110 gly- 
cerol , mineral and rosin oils do not undergo saponification, and can 
be dissolved out of the soap solution by agitating with ether. 

The physical pi opei ties and combining weights of the acids afford 
important information Tbe acids from rape and castor oils neutralise 
sensibly less alkali than those from most bodies of this gioup. Lard, 
tallow, and neatsfoot oils yield acids of much higher melting point 
than the non-drying vegetable oils which they resemble. Cottonseed 
oil yields acids solid at the ordinary tempeiature, while most drying 
and semi drying oils yield liquid acids. Any admixture of resin acids 
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tends to increase the specific giavity of the fatty acids, at the same 
time lowering the melting point. When it is intended to examine the 
character of the acids.it is highly impoitant that the aqueous and 
alkaline solution of the soap should be previously agitated with ether 
until nothing more is removed, as any admixture of wax or hydro* 
carbon would profoundly modify the properties of the acids. 

The details of the method of separating these admixtures and of 
determining the fatty acids will be found elsewhere 

The drying .oils are heavier but less viscous than the non-drying 
oils, appaiently in propoition to their drying tendency. The non- 
drying oils give solid elaidin, the product becoming less and less 
firm as it is derived from a more strongly drying oil. Similarly, 
the heating produced by mixtuie with sulphuric acid, the solubility 
in glacial acetic acid, and the loduie-absoiptiou appear to hear a 
diiect relationship to the drying piopeities of a vegetable oil. By 
a careful application of these facts an approximate estimate of the 
proportions of different oils ill a mixture can often be made. 


SPECIAL CHARACTERS AND MODES OF EXAM- 
INING FATS, OILS, AND WAXES. 

Olive Oil. 

French — Huile d’olive. German — Olivenol, 

(See also p, 91.) Olive oil is extracted ivora the fruit of the olive 
by pressure or by solution in carbon disulphide. 1 

1 Of tho commorolal vauotles, Provence and Tuscan oils are among the most esteemed. 
The finest grade in tho market is “ finest cream sublime oil,” which is imported from 
Leghorn Oils of other origin, in tho ordor of tholr commercial value, aro “ Sublime," 
Gallipoli, Sicilian, Spanish, Portuguese, Levant, and Mogador, That imported from 
Sfax, on tho coast of TuniB, os well os that sold in tho so-oolled " Florence flasks,” is 
usually of inferior quality Lucca and Gallipoli oils aro well-known brands, and muoh 
excellent oil 13 expi issed in Spain, and exported from Malaga and Seville Muuh olive 
oil is now prepared in California. 

Tho variations in the quality aro largely dependent on the manner in which the olives 
are treated, as, c i /,, the caio with which tho fruit is plnckod, the length of time it is 
■stored hefoio being crushed, and other conditions which affect the coloi, smell, and ap- 
pearance of tho oil expressed 

In some countries olive oil is au important articlo of diet It is employed m the 
manufacture of woollen cloth, and in dyeing fabncs tai key-red, though its application for 
thoso purposes is decreasing The inferior varieties are employed m soapmaking. It is 
highly esteemed as a lubricant, and is hugely employed when price poemits Tho quantity 
usod in this way depends much on tho prloo of rape oil, which is usually muoh cheaper, 
and, though more liable to “gum” than olive oit, la less apt than tho latter to beoom* 
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Olive oil varies somewhat in its physical characteis accoiding to its 
•quality The finest kinds have a pale yellow color, with a tinge of 
green, are almost wholly free fiom odor, and possess a mild and agree- 
able taste. Inferior qualities have a gieemsh-yellow or brownish- 
yellow color, an unpleasant odor, and a decidedly acrid after-taste. 

The absorption-spectrum of the fresh oil shows well-defined chloro- 
phyl bands, which become changed or altogether destroyed on ex- 
posure to sunlight or heating with caustic alkali 

When cooled to about 10° C , it deposits a white granular fat. At 
0° it solidifies to a product which can be separated by pressure into a 
solid tallow-hlco fat, consisting chiefly of palmitin, and about 70 per 
cent, of a fluid composed of olein with some huolin. Traces of choles- 
terol aie piesent, and usually more oi less fiee oleic acid. By saponi- 
fication olive oil yields glycerol aud oleates, palmitates, and small 
quantities of araehidates and hnolates. 

Olive oil is the type of a non-drying vegetable oil. It does not 
thicken materially, even on prolonged exposure to air, but gradually 
becomes rancid, a change which appears to be dependent in great 
measuie on the presence of certain albuminous and mucilaginous 
matters. 

The specific gravity ranges from about ’914 to 917. Commeicial 
samples, expressed at a high temperature, may have a specific gravity 
as high as 925 by reason of the increased propoition of palmitin. 
Such oils are usually dark in color. Samples containing much free 
acid have the lowest gravity. 

If free from acid it is only slightly soluble in alcohol, but dissolves 
in about 1 1 times its weight of ether, and is miscible in all proportions 
with caibon disulphide, chlorofoim, and hydrocarbons. 

When heated to about 120° olive oil becomes lighter, and at 220° 
nearly coloiless and at the same time rancid At 315° it suffers 
decomposition, emitting a disagreeable odor of acrolein 

The following are some observed analytic data of the mixed fatty 
acids of olive oil : — 


Specific gravity at 911° C (water at 15 5° = ,1), 
„ „ „ 100° G (water at 100° = 1), 

Solidifying point (titer test), 

Melting point, 

Saponification value (mgrm KHO), 

Iodiue value. 

Refractive index. 


813 (Allen ) 

8749 

16 9° to 20-4° C (Lewkowitsoh ) 
19° to 28 5° C. 

193 (Tkocrner.) 

86 to 90 

1 441 (Thoerner.) 


1 441 
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.Assay of Genuine Olive Oil 

Genuine olive oil often contains a notable quantity of free acid, tbe 
proportion ot which increases by keeping and exposure In 89 samples 
intended for lubrication, and known to be genuine, Archbutt found 
proportions of fiee acids (calculated as oleic) ranging from 25 1 to 2'2 
per cent , the aveiage being 8 05 per cent He found that more than 
5 pei cent of free acid renders the oil unsuitable for burning, causing 
a senous charring of the wick. Oil intended for table use should con- 
tain little free acid, but for soap-making it is no detriment, and for 
turkey-red dyeing a very acid oil is preferred The proportion of free 
acid in olive oil can be ascertained with ease and accuracy by titration 
in presence of alcohol with staudaid caustic alkali and plienolphtbal- 
ein, in the manner already described. 

Buratvn ( Dmgl . polyt. J , coxvii 314, Jour Chern Soo , xxix. 769) 
hasdescnbed the following method for estimating the fiee acid in olive 
oil. The process appeals well BUited for rapid technical investigations, 
though the volumetric method described elsewhere will be preferred 
by chemists The oil is shaken with an equal measure of rectified 
spiut of '830 to '840 specific gravity, the exact figure being accurately 
determined. After the liquids have separated, the specific gravity 
of the spirit is determined Biustyn finds that an oil, 100 cc of 
which contains free acid in quantity sufficient to neutralise 1 c c. of 
normal alkali (— *282 per cent, of oleic acid), will raise the gravity of 
the alcohol from '830 to 8325, and that each additional 1 c.c. of 
alkali neutralised corresponds to an increase of 0003 in the density of 
the spiut Hence the increase due to the solution of a trace of neutral 
fat is '0022, and that each increase of 0001 in specific gravity be- 
yond this number represents = '094 gi m. of free acid per 100 c.c. 
Bursty n states that the action of olive oil on biass is regularly and 
directly proportional to the percentage of free acid present. 

In examining oil intended for cooking or table use, the flavor and 
odor should be carefully obseived, as many apparently genuine speci- 
mens which are fairly free from acid are unsatisfactory in this respect 

Examination of Olive Oil for Adulterants. 

Olive oil is very liable to adulteration, the sample being sometimes 
colored to give it the appearance of green olive oil. Cottonseed oil is 
perhaps the most frequent adulterant; but aracbis, sesame, poppy, and 
rape oils are also used. Poppy oil is said to be a favorite addition, on 
account of its sweet taste and Blight odor. Fish oils are occasionally 
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employed, menhaden oil being said to be used frequently. Lard oil is 
largely used when the price permits of it, “ superfine Lucca oil ” being 
stated sometimes to contain a3 much as 60 to 70 per cent Hydrocar- 
bons are also used. 

In the United States cottonseed oil is largely sold under the name 
of olive oil. In fact, the label “Huile d’ohve vierge, E Loubon, 
Nice,” is generally understood in the grocery trade to indicate cotton- 
seed oil. 

In examining olive oil, the most important indications are the 
specific gravity, the solidifying point, the saponification equivalent, 
the iodine absorption, the rise of temperature on treatment with sul- 
phuric acid and with bromine, the elaidin test, Livache’s test, and 
certain color-reactions. Some sophistications require the application 
of special tests for their detection. 

The specific gravity of olive oil varies very sensibly with the quality, 
the most acid specimens having the lowest specific gravities. The range 
allowed by the German and Uuited States Pharmacopeias is between 
•915 and 918, at 15° C. Of upwards of eighty samples of genuine 
olive oil examined by Archbutt, the specific gravity at 15 5° 0., 
compared with water at the same tempei attire, never exceeded '917, 
and was rarely as high The lowest gravity observed was 9136, 
the sample containing 24 5 per cent of free oleic acid Hence it is 
evident that the proportion of free acid should be taken into account in 
judging the character of olive oil from its gravity. Taking the density 
of genuine neutral olive oil as *917, it appears that each 5 per cent of 
free acid diminishes the specific gravity, of the sample by about 0007. 
Adulteration of olive oil with rape oil will tend slightly to leduce the 
gravity of the sample, whilst addition of the oils of Groups III. and 
IV. will increase it. A judicious admixture of rape and cottonseed oils 
will not affect the gravity of the sample, but the presence of any con- 
siderable proportion of rape oil will sensibly raise the saponification- 
equivalent of the sample. 

The iodiue absorption is a valuable means of detecting adultera- 
tions of olive oil Genuine samples usually show an absorption vary- 
ing from 81 to 85 per cent. California oils give higher figures Bias- 
dale has found absorptions of from 80'4 to 86 5, and Langfeld and 
Paparelli 77 2 to 88 6 per cent. Rape, sesame, and cottonseed oils 
all assimilate upwards of 100 per cent ,and poppyseed, liempseed, and 
linseed oils from 134 to 160 per cent. Arachis oil is not so distinctly 
indicated. 

The rise of temperature on treating the sample with sulphuric acid. 
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oi with bromine, aie valuable indications of the purity of olive oil. 
Almost all oils, except coconut olein and tallow and laid oils, pioduce 
more heat than olive oil, so that a rise of temperature with sulphuric 
acid of more than 44° C. may at once be consideied as indicating 
probable adulteiation, and in some cases it allows of an approximate 
estimation of the extent of the sophistication. 

Archbutt (J.S C /, 1897, 809) has determined the heat of bromraa- 
tjon of ten samples of olive oil, and gives figures ranging from 13 55 to 
14 5, 

The elaidm test is also of great value Pure olive oil yields m less 
than two hours, at fiom 15 to 20° C., a mass that cannot be displaced 
by shaking the bottle, aud in twenty-four hours a solid and Sonorous, 
pale yellow or neai ly white mass is produced With adulterated 
samples, the elaidm is orange or dark led, and liquid or semi-solid. 
Not unfieqnently a liquid layer is formed on the surface of the solid 
elaidm The test is applicable to the detection of sesame, rapeseed, 
cottonseed, poppyseed (as little as 5 per cent ), linseed, and other oils 
of Gioups II and III when in admixture with olive oil Exposure 
to ail under the conditions piescnbed on page b8 is also a test for an 
admixture of the diying oils 

The rise of tempeiature and the icsults of the elaidm test are much 
less marked when the oil has been long exposed to sunlight. 

The melLing and solidifying points of the fatty acids will often allow 
the natuie and pioportion of an admixture with olive oil to be inferred, 
and 0. Bach has suggested the use of J David’s process of separating 
stearic and oleic acids foi detecting adulterants According to Bach, 
if Ice of the fatty acids from genuine olive oil be treated with 15 
c.c. of David’s alcoholic acetic acid, perfect solution takes place at the 
ordinary temperature, but the acids from cottonseed oil are insoluble, 
and the solution obtained by wanning the liquid gelatinises when 
cooled to 15° C The acids fiom sesame and araclus oil are stated to 
behave snnilaily, while those from sunflower oil dissolve on warming, 
but separate as a granular precipitate at 15° C The acids from rape 
oil are completely insoluble and float on the surface of the liquid, 
Olive oil containing 25 per cent, of sesame or cottonseed oil yields 
acids which form a granular precipitate, but smaller proportions can- 
not readily be detected 

For detecting the admixture of cottonseed oil, the specific gravity, 
iodine number, bromine and sulphuric acid thermal values, Livache’s, 
Becchi’s and Halphen’s tests and the nitric acid color test (see “ Cotton* 1 
seed Oil ”) are available. 
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Sesame oil may be detected by the modified Baudoum teat. (See 
“Sesame Oil.”) 

Scveial observers have noted that ceitam varieties of olive oil con- 
taining coloring matter fiom the aqueous part of the pulp of the fruit 
give a rose color with the hydrochloric acid-fuifural test, but that 
by applying the test to the dried fatty acids the effect of this may be 
obviated Silva ( Analyst , 1898, 77) has noted that Tocher’s reagent 
gives no coloration with these oils, and prefers it for the detection of 
sesame oil in olive oil. 

Aiachis oil lia3 about the same density as olive oil, but solidifies 
somewhat less readily. It may often be lecogmsed by its odor and 
taste, but positively by isolation of aiacbidic acid It gives a led 
coloi with nitric acid, but yields slowly a solid elaidin with nitioua 
acid A uimple of so-called “green olive oil, fiotu Malaga,” was 
found by Cailletet to consist solely of araebis oil coloied with copper 
acetate 

Lard oil is difficult to detect with certainty in olive oil, but its 
pieeonce may be infeired fiom the altered viscosity of the sample, the 
diminished intensity of the absorption-bands, the higher molting 
point of the fatty acids, in some cases by the odor of lard developed 
on warming the sample, and the bi online theimal value 

Fiih oils will be detected by the smell on waiming the sample ; by 
the red color produced on heating the oil with a solution of soda; by 
the brownish color developed with sulphuric acid , and by the darken- 
ing produced on agitating with kydiochlonc acid oi passing chlorine 

Hydrocai Ion oils may be detected and determined by the methods 
described on page 112 ct seq 

The use of Amngat and Jean’s oleo-refrnctometer may aid m detec- 
tion of adulteiation of olive oil Oliven (J. S C X, 1894, 45) gives 
the refi action coefficient of 106 pure olive oils compared with those 
of other oils, as follows — 


Oil. 

Olive, . . . 
Cottonseed, 
Sesame, . . 

Araclus, , 


These figures indicate that, by means of the oleo-refrnctometer, admix- 
tures of any considerable quantity of the above oils with olive oil may 
be detected, as the refraction coefficient would be above 2. Araebis 
vol. rr— 9 
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oil is liowevei, an exception, since a mixture of 25 per cent, of this 
and 75 per cent of olive oil with a refraction coefficient of 0'25 
would not produce a deviation above 2 

Olive-Kernel Oil is of a dark greenish-brown color, and has 
about the same saponification-equivalent and iodine-absorption as olive 
oil; but the density is about '920, and it is stated by Valenta to be' 
soluble in an equal measure of glacial acetic acid at the ordinary 
temperature. 

The oils exti acted by carbon disulphide from pressed marc (“ sulpho- 
carhon 01 I 3 ”) resemble -olive-kernel oil in their behavior with acetic 
acid, usually yield no solid elaidin, have an iodine-absorption of 79 to 
80, and are charactensed by their dark color and unpleasant smell 
Turkey- red Oil. — In dyeing cotton turkey-red a necessary stage 
consists in treating the cloth with oil. The oil employed for this pui- 
pose in. England is frequently the variety of olive oil known as “ Gal- 
lipoli oil.” Although olive oil is not essential, a thoroughly non- 
drying oil must be used, and this is ascertained by the elaidm-test. A 
good sample will give a firm and nearly white elaidin, A yellow, soft, 
or semi-fluid product indicates undesirable .admixtuies. 

Oil suitable for turkey-red dyeing is prepared from somewhat unripe 
olives, which are steeped for some time in boiling water before being 
pressed. Through this treatment the oil contains a large proportion 
of foreign matter, and soon becomes rancid. Another plan is to agi- 
tate oil which has been some time in store for several days at a tem- 
Iperature of about 40° C., air being allowed free access. A third 
method is to add oleic acid to the oil. 

Tuikey-red oil should form a white, emulsion when agitated with a 
dilute solution of caustic alkali or alkali carbonate One part of the 
sample should be beaten up with from thirty to forty parts of semi- 
normal caustic soda solution. After standing six horns, the mixture 
should be still homogeneous, without any sign of separation of the oil 
An entirely different preparation, now extensively used as a turkey- 
red oil, is prepared from castor oil. 

Almond Oil. 

French — Huile d’amande. German — Mandelol. 

(See also p 91 ) Almond oil is a fixed oil expressed from either sweet 
or bitter almonds. The oil of commerce is mostly obtained from 
bitter almonds, the marc of which is then distilled with water to obtain 
the essential oil. Fixed oil of almonds must not be confounded with 
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'the essential oil of bitter almonds It is Inigely employed in the piep- 
amtiorf of ointments and emulsions, for which it is better adapted than 
olive oil, 

Almond oil is thin, nearly odorless, of a straw-yellow color and 
bland taste It does not solidify till cooled to about — 20° C., some 
samples only becoming turbid at that temperature. According to the 
German Pharmacopeia, almond oil should remain clenr when exposed 
to a teinpeiature of — 10° C. The "specific gravity ranges from 
•914 to 920. It is soluble in 24 parts of cold alcohol or in 6 parts at 
the boiling point. It consists chiefly of olein, more or less palmitin, 
and probably its homologues, being also piesent. It contains no stearin. 
It leadily turns rancid when exposed to the air, but is not a drying oil. 

The following aie results of the examination of the mixed fatty 
acids of almond oil — 

Solidifying point, 5° C (HUM ) 

Titer test (sweet almonds), 9 5-10 1 (Lewlcowitscli ) 

,, „ (bitter almonds), 113-118, „ 

Saponification mine (mgnn KHO), 201 (Tiioeiaer ) 

Iodine value, 93 5-9fl 5 (De Negri and Fabris.) 

Retractile index, 1 4461 (Tboerner) 

Commercial Almond Oil. 

Almond oil is frequently adulterated with, and sometimes entirely 
substituted by peach-lceinel or apricot-kernel oil, which is sold in Eng- 
land as “ foreign almond oil.” Olive, araclns, sesame, rape, poppy, and 
lard oils are also liable to be employed. 

Many of these additions may be detected by observing the absorp- 
tion spectrum of the sample, almond oil differing from most vegetable 
oils in not giving either a banded spectrum or producing«strong absorp- 
tion in the red oi violet. 

Cottonseed oil may be detected by the nitric acid, Becchi’s or Hal- 
phen’s test, oi by the solidifying point of the mixed fatty acids (see 
page 134). Arachis oil may be detected by Renard’a test (see “Arachis 
Oil ”). 

The elaidin-test serves for the detection of poppy and rape oils, the 
solidification being much letarded by those adulterants The nitric 
acid color tests described on page 86 also serve for the detection 
of several foreign oils. According to the German Pharmacopeia, 
if 15 paits of tlie oil be well agitated with a mixture of 3 parts of 
fuming nitric acid and 2 parts of water, the mixture should be whitish, 
not brown or red (absence of cottonseed, earthnut and sesame oils), and 



132 FIXED OILS AND FATS. 

after several hours should form a solid white mass (absence of drying 
oils) the aqueous liquid being nearly colorless The test also detects 
the presence of peach or apricot oil 

J, D Bieber recommends that 5 parts of the sample should be agi- 
tated with 1 pait of a cold mixture of equal weights of strong sul- 
phuiic acid, water, and fuming nitric acid. When thus treated almond 
oil gives a white or yellowish-white liniment , sesame oil, a product which 
is at first gieen oi pale yellowish-red, but changes veiy rapidly to a 
dirty oiange-ied, peaek-lernel oil, a leddish or peach-blossom color, 
changing to daik orange. 5 to 10 pei cent, of these foreign oils is said 
to be leeogmsable 

T. Maben has determined compaiative reactions shown by samples 
of almond, peach, and apiicot oils A negative reaction with the zinc 
chloride test suffices to prove the absence of peach and apricot oils 



Apmond 

PEtCH-KERNEL 

Apricot-kernli, 

Specific gravity at 15 5° C. 1 

(=otpr), J 

Consistency at —20° C , 

Bromine absorption, 

Elaidiu test , product, . . 

Nitric sold color test, 
Sulplmrlu acid color ted, 

Zinc clilonde color test, 

9180 

{ 0 p Xid und } 

White, hard 

Slight action 
Yellow to orange 

No change 

0232 

Slightly viscid 

Citron yellow , 
soft 

DarL bronn 

Dark brown 

Purple-blown 

8204 

Slightly viscid 

Light yellow , hard 

Coffee-brown 

Light brown to red- 
dish-brown 

Muddy bronn, with 
shade of purple 


For the nitric acid test 5 c.c. of the sample were shaken vigorously 
with an equal measuie of pure nitric acid of T42 specific gravity, and 
the coloration observed at the end of five minutes, an hour, and five 
hours. 

For the zinc chloride test a saturated solution of zinc oxide in 
strong hydrochloric acid was prepared. 6 drops of this and 10 of the 
sample are stirred well together with a glass lod, and the coloration 
noted. 

Pure almond oil gives a homogeneous and very firm mass when 
shaken with one-ninth of its measure of strong ammonium hydroxide, 
while the sample is merely clotted in the case of the sample being 
adulterated with poppy oil, the presence of which would be fuither 
indicated by the elaidm test, the increased temperature developed 
with sulphuric acid, and the abnormal iodine-absorption 

Lard oil and olive oil are indicated by the formation of a white 
granular deposit when the sample is exposed to a temperature of — 5° 
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C for 20 minutes Lard oil will be fuithcr indicated by the odor 
developed on warming the sample, and by the lngli melting point of 
the fatty acids, and olive oil may usually he detected by the banded 
absorption-specti uni. 

An increased saponification-equivalent indicates the piesence of 
rape oil 

Arachis Oil. Earthnut Oil. Peanut Oil. 

Fiench — Huile de pistache de terre German , — Erdmissol 

(See also p. 91 ) Eaithnut oil is obtained from the nuts of Arachis 
hypogcca, an herb indigenous to America and now cultivated m vari- 
ous countries, the oil being expressed chiefly m Franco The seeds 
contain about 45 per cent, of oil, which m India is called kutchunij oil, 
and is largely used as a substitute tor olive oil 

Arachis oil is usually pale gieenish-yellow, and of a peculiar nutty 
flavor and smell, hut may he piepared nearly col oi less and almost 
tasteless It becomes tuibid at about 3°, and solidifies at about — 5° 
C The specific giavity of the finest quality is 916, and that of the 
last runnings as high as 920. 

Arachis oil contains olem, linolin, palmitin, araclndin, stearin, aud 
probably also lignocenn and hypogein. 

Sadtler {Analyst, 1897, 284) gives the following analyses of araclns 
oil from various souices — 



Araclndic acid presents a close resemblance to stearic acul, but has 
a higher melting point (75° C.) and is insoluble m somewhat dilute 
alcohol These characters are utilised for its isolation, and are em- 
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ployed m the process for the detection of arachis oil in olive oil 
described below Hypogeic acid closely resembles oleic acid, and 
may be separated from arachidic acid by treating the lead salts with 
ether. 

The following are some results of the examination of the mixed 
fatty acids of aiachis oil. — 


Specific gravity at 100° C 
(water at If) 5° = 1), 
Titer test, 
lit ell mg point, 

Sipoi ni cation value (mgrin 
of KUO), 

Joilmu viluc, 

„ ,, Coroinnnilol 

nuts, 

Mean molecular weight, 
Retractive index, 


0 840-0 8175 

28 1-29 2 (Levkowitsch ) 

27 7-34 

201 0. (Thoerner ) 

95 5-97 

103 4 (Do Ncgu and Fabris ) 

281 8 (Allen ) 

1 44G1 (Thoerner ) 


Arachis oil is chiefly employed as an adulterant of and substitute 
foi ohve oil. With the elaidin-test it behaves much like olive oil, but 
gives a reddish coloiation with mtnc acid, and may likewise be recog- 
nised by its taste It may also be detected and appioximately esti- 
mated by the isolation of arachidic acid, by a process devised by A 
Renard (Compt. Rend, Ixxiii. 1330), modified by Lewkowitsch 
(“ Chem Anal. Oils, Fats and Waxes,” p. 445) 10 grin of the sample 
are saponified, the excess of alkali neutralised with acetic acid, and a 
solution of lead acetate added. The precipitated lead salts are sepa- 
rated by filtration and extracted with ether, which leaves undissolved 
the lead palmitate and arachidate The lesidue is treated with 
hydrochloric acid, the acids allowed to solidify, separated from the 
lead chloride, and dissolved m 60 c c of hot 90 per cent, alcohol If 
arachis oil was present m the sample, a crop of crystals of arachidic 
acid will form when the solution cools. The liquid is filtered, and the 
crystals washed twice with 10 cc of 90 per cent, alcohol, and then 
with spiiit of *890 specific gravity, in which they are insol- 
uble The arachidic acid is next treated on the filter with boiling 
absolute alcohol, by which it is dissolved, and the resultant solution is 
evaporated to dryness and the residue weighed To the amount thus 
found is added 0025 gim for each 10 cc of 90 per cent alcohol used 
in the crystallisation and washing of the acid, if the manipulation 
was conducted at 15° C. ; or a coirection of *0045 grm per 10 c c. if 
at a temperatuie of 20° C The fusion point of the arachidic acid 
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obtained m the above manner is 71° to 72°, that of the puie substance 
being 75 5°. Bemud obtained iiom 4 5 to 5 0 pei cent, of aiachidic 
acid fiom araclns oil, and the writer has isolated 5 5 per cent Hence 
twenty times the weight of acid found (duly coi 1 ected foi solubility 
ns alieady desciibed) will approximately lopiesent the amount of the 
adulterant in the 10 gun. of the sample employed fin the test. The 
piocess requires considerable slull to ensure accurate results. It 
proved unsuccessful with a mixture containing less than 4 pei cent of 
arachis oil, but with one containing 10 pei cent of the adulteiant the 
result was within 1 pei cent, of the tiutli. 

Jean (J. S Cl, 1808, 804) pioposes a process based upon qualita- 
tive tests by Guard and Blarez Ten grin, of the oil are saponified by 
being heated at 110° C with a mixtuie consisting of 3 grm. of potas- 
sium hydroxide dissolved in 0 or 4 c c of watei and 5 c c of alcohol 
at 36° C The mass is well stirred with a spatula, the heating con- 
tinued till the soap becomes diy, when it is tiansferied to a flask and 
mixed with 100 c.c of alcohol at 36° C , pieviously saturated with 
potassium arachidato at 11° to 12° C The flask is warmed under a 
reflux condenser until the soap dissolves, aud is then left for twelve 
houis at a tempeiatme of 15° G. The piecipitate is filter ed off 
and re-ciystallised m the same way from the saturated alcohol It is 
then collected, tiansferied to a flask, and boiled with 50 c c. of water 
containing some hydrochloric acid, in ordei to liberate tlie aiachidic 
acid. The latter is subsequently exti acted with petroleum ether in a 
sepaiating funnel, aud aftei evaporation of the solvent dried at 
100° C. and weighed. Its melting point should not be lower than 
72° 0. 

Rape Oil. Colza Oil 

Fiench — Huile de navettc German — ll.ipsol , Ivolsatol 

(See also p 92 ) This oil is obtained from the seeds of several 
species of Biassiea, of the order Cnwifetec, The seeds are commonly 
subjected to steam-heat befoie pressuve, to coagulate the albuminous 
matter and facilitate tlie extinction of the oil. 

When fleshly expiessed, lape oil is a yellowish hi own or biownish- 
gieeu viscid liquid, of a peculiar odor and pungent t.i-tc, owing to 
foreign matteis piesent. These impurities stipulate to some extent by 
keepiug the oil, but cannot be wholly removed by passive treatment. 
They lessen the combustibility and cause much smoke dining the 
burning Brown rape oil or sweet rape oil is the comiueicuil name 
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for the oil as expressed from the seed. It is usually refined by treat- 
ment with sulphuric acid, sometimes supplemented by agitation with 
alkali, and of late yeais a current of steam has been successfully 
applied. The lefined oil is light yellow and almost odorless. 

Some writers distinguish winter fiom summer rape oil, and both of 
these from colza oil, but these lefinements aie nearly obsolete and 
have hut little piactieal intei est 1 

Rape oil stands between diying and non-drying oils It does not 
thicken readily when heated and exposed to the an, and yet gives but 
an imperfectly solid elaidm with nitious acid In non-drying char- 
acters it is decidedly mferioi to olive oil, but superior in its smell and 
appeanuiee to the loivei qualities of the latter Notwithstanding a 
slight tendency to gum, it is extensively used foi engine and machinery 
lubrication, as well as fox burning in lailway and safety lamps 

Rape oil consists chiefly of stearin, olein, and erucm The piesence 
of other esters — lapin (piobably an isomcnde of olein - ), behemn, and 
araclndm— has been affirmed, but can baldly be said to be established. 
In any case, all the oils from the Cnmfei ce agree m containing eateis 
of high molecular weight, and hence have high saponification-equiva- 
lents. 

Rape oil and other oils from the Ouciferce are commonly stated to 
contain sulphur compounds, and to give rise to silver sulphide on 
treating their ethereal solutions with a few drops of solution of silver 
nitrate in alcohol. If the oil be boiled with a 10 per cent, solution of 
pure potassium hydioxide, an immersed silver coin becomes blackened. 
Sulphur is piesent sometimes, but is accidental. About 1 per cent, of 
unsapomfiable matter, chiefly phytosteiol, is usually piesent. 

1 By some authorities the term colza, oil is restricted to tho finest and lightest kinds of 
oil expressed ehiefiy horn Gorman or East Indian seods 

The following differences exist between the varieties of rape oil, according to Schtlbler 
and Lcfcbvie — 


ic Ghaviti it 15° C 


} 1 
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The following aie some observed analytic data from mixed fatty 
acids of i ape oil — 

Specific gi u tty at. (watentlS 5° = 1), fit t8 (Allen) 

100° C (water at 100° ~ 1), 8758 (Arclilmtt ) 

Solidifying point (titer test) (colza oil), 12 7-13 6 (Lewkowitscli ) 
(rape oil), 11 7-12 2 „ 

Melting point, lG 0 -22° C 

fiipomticahon value (mgrm KOH), 185 (Thoerncr) 

iodine uumlier, 00 3-105 6 

Refiachve index, 1 4091. (Thoemer ) 

Assay of Commercial Rape Oil 

Rape oil is subject to numerous adulterations, the more important 
of winch, can be detected with tolerable certainty. 

The specific gravity of the genumo oil averages '915 at 15'5 0 C Of 
51 samples of genuine lape oil examined by L Archbutt, 7 gave 
figuics below '9140, 25 between that point and 9150, and 19 between 
■9150 and 9100 The oxtierae ranges of variation were 9123 and 
■9159 Boverton Redwood has communicated to the author the 
Jesuits obtained by careful examination of 30 samples of brown rape 
oil known to be genuine The figures range from 9145 to 9164, the 
average being 9149 The experience of these observers and of the 
wnter lumself confirms the results of Arcbbutt and Redwood, so that 
•9100 may be regarded as the maximum for genuine rape oil at 
15 5° C. North German (Baltic) rape oil is usually somewhat 
heavier and less pure than the French and Belgian products. The 
seed ci usherl m England, imported from the East Indies and all parts 
of Europe, gives an oil varying in specific ginvity from 913 to 917. 
Black Sea rape ml is usually of inferior quality 

The specific ginvity of rape oil is a valuable indication of Us purity, 
as all the ordinary adulterants are heavier than the genuine oil, with 
the exception of mineral oil, which can be detected and estimated with 
accuracy by the method described on page 112. Foreign seed oils of 
more or less drying character, as sesame, sunflower, cress-seed, hemp- 
seed, cottonseed, or linseed oil, or possibly coconut olein, all range 
between '920 and 937. Hence, if the sample have a specific 
gravity of '918, it may possibly contain even 50 per cent of these oils, 
while the smell and color will be little affected. Seed and nut oils 
deteriorate rape oil by increasing its gumming properties, with the 
exception of arachis oil and coconut olein, and the addition of either 
of these is improbable. Arachis oil could be detected as in olive oil 
(page 134), and coconut olein would be indicated by the lowered 
saponification-equivalent of the sample. 
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The viscosity of iape oil is a valuable indication of its punty, as it 
is imideiatcly constant and exceeds that of any oil likely to be used as 
an adulteiant The sample should always be compared with a speci- 
men of .rape oil known to be genuine, 01 with puie glycenu diluted to 
1 22G specific giavity, which at 15 5° C has the same viscosity as 
aveiage iape oil. 

The solubility of genuine iape oil in acetic acid (page 41) is so slight 
that equal measuies of the two liquids are not miscible at 120° C. 
Tins pecuh.u behavioi distinguishes the oils fiom the Ciucifeice from 
all othei fixed oils lutheito examined by the test 

The saponification-equivalent of genuine iape oil averages 324, and 
ranges fiom 330 to 318, as an extiemo aud larely met with figuie. 
The presence of ceitain adimxtuies can tlieicfoie be assumed if a still 
lower figuie is obtained. On the othei hand, if the saponification - 
equivalent exceed 330 a hydrocmbon oil is probably pieseut, aud 
should be searched foi as on page 112 Refined rape oil has been fie- 
quently adulterated with puufied mineial oil This addition mterfeies 
with the burning qualities of the oil, causing it to smoke aud foirn 
much deposit ou the wick. The unsaponifiable matter naturally 
present in rape oil was found by B Redwood to range from 0 18 to 
1 00 pei cent Aichbutt has occasionally found a somewhat larger 
propoi tion 

The iodine absoiption of iape oil ranges from 97 to 105 per cent, 
being slightly less than that of cotton or sesame oil, and cousideiably 
below that of the more stiongly diying oils. 

On exposure to heat m a watch glass at 100° C for several days 
(see page 68) genuine rape oil slowly thickens and becomes darker, 
drying gradually at the edges Aftei continuous heating duimg four 
or five days it becomes veiy viscous, but still lemams fluid except at 
the edges. By comparing in this way, side by side in the watei-oven, 
the sample with a iape oil of known punty, a very useful indication 
is obtainable. Aichbutt found that genuine iape oil exposed in a 
tlifn film on aslip of glass, at the oidinaiy tempeiature, was still liquid, 
though viscous, at the end of two years. 

Theiueieaseof tempeiatuie on treating genuine rape oil with stiong 
sulphuric acid aveiages 59° C, the extreme vanations being, accoid- 
mg to L. Aichbutt, from 55° to 667°. Any greatei use than cone- 
sponds to that noimally yielded by iape oil under the conditions of 
tlio expenment may be due to an admixture of cottonseed, heropseed, 
or lmseed oil If the natuie of the admixture can be otherwise 
ascertained, the proportion of the adulterant can be deduced with 
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tolerable accuracy from the rise of temperatuie. Hehner’s lieat of 
bromination test will be valuable for the same purpose Aichbutt 
(J 8 Cl, 1897, 311) leports eleven samples of commeicial rape 
oil giving figures from 17 0 to 20 3, the highest being obtained with 
Black Sea oils. 

With the elaidin lest rape oil behaves m a peculiar and somewhat 
cliai acteiistio manner Solidification occurs veiy slowly, but after 
50 to GO hours the oil is fiequently converted into a pasty mass, 
which is sometimes yellow, and in other rases orange-red oi mottled 
A sepaiatiou into a solid and liquid portion frequently o ecu is The 
results are much influenced by the temperatuie. At 10° 0 many 
samples become appaiently solid, but on being touched with a glass 
rod aie seen to be a peculiai nuxtuie of solid and liquid On im- 
mersing the bottle containing the product formed at 10° foi a short 
time m water at 15° C., the thudin forms a thick liquid 

The color tests with sulphuric and nitiic acids (pages 85 and 86), 
and ceitnm othei leagents aie of value for the detection of cer- 
tain admixtures, such as lmseed and fish oils Richter states that on 
shaking 5 c c of the sample with 1 c c. of a solution of soda of 1 34 
specific giavity, pure lape oil forms a dirty white nulky fluid , hemp 
oil a brownish-yellow thick soap ; and train oil a dark-red solution. 

The solidifying and melting points of the fatty acids afford valuable 
indications in some cases. An admixture of linseed oil renders them 
more fusible, while the acids from cottonseed oil havo a much higher 
melting point. 

Fish oils are recognisable by their taste and odor ou warming, and 
by the colorations developed with sodium hydroxid and sulphuric 
acid Train, oil is said to be best detected by agitating 100 drops of 
the oil with 1 of sulphuric acid, when the depth of the red colora- 
tion will follow the proportion of the adulterant present. 

Cottonseed oil is one of the commonest adiilteiants of rape oil It 
lowers the saponification-equivalent, raises the melting point of the 
oil and the derived acids, reduces the viscosity, and inti easts the 
specific gravity and the rise of temperature on treatment with 
sulphunc acid If refined cottonseed oil, pieviously depnved of its 
steaiin, has been used ns the adulteiant, the influence will be less 
marked 

Linseed oil is a common and objectionable adulterant of mpo oil, 
from 10 to 60 per cent, being often added before refining It is 
recognisable by the increase m the specific gravity, solubility m acetic 
acid, drying characters, temperature with sulphuric acid and bromine. 
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and iodine absorption, and decreased viscosity and saponification- 
equivalent The fatty acids are moie leadily fusible, and the color- 
reaction with sulphuric acid is modified 

Hedtjc-mnstaid oil may be used for adulterating rape oil, which it 
closely lesembles. The most characteristic reaction is said to be the 
production of a green color when the oil is treated with a quantity of 
alcoholic potash insufficient for complete saponification, and the 
filtered liquor strongly acidulated with hydrochloric acid. 

Oleic acid is the only adulteiant (except mineral oil and hedge- 
mustard oil) which could be added to rape oil without tending to in- 
crease the specific gravity. The proportion of free (oleic) acid nat- 
urally present in rape oil ranges from 0 5 to 5 per cent. Above 5 per 
cent, may he regarded as due to adulteration. The presence of even 
a small proportion of fiee acid has an injurious influence on the 
burning qualifies of raps oil, especially in certain kinds of lamps. 

Free mineral amd is not unfiequently present in rape oil, owing to 
its imperfect removal duung purification. Its presence is highly ob- 
jectionable in oil intended for lubrication or for greasing steel goods. 

Cottonseed Oil. 

French — Huile de coton. German — Baumwollensamenol. 

(See page 93.) Cottonseed oil is now expressed in enormous 
quantities m the United States, on the Continent of Europe, and in 
Great Britain. 

Crude Cottonseed Oil has a density ranging from 916 to 930. 
It contams in solution, often to the extent of 1 per cent., a character- 
istic coloring matter, which gives it a ruby-red color, sometimes so 
intense as to appear nearly black. The crude oil gives a bright-red 
coloration with strong sulphuiic acid (page 85) The soap from crude 
cottonseed oil rapidly oxidises on exposure to air with production of a 
fine purple or violet-blue coloration. 1 This reaction is characteristic. 
The coloring matter causes the oil to produce stains, and it is 
removed by agitating the crude oil at the oidinary temperature with 

i “ Cottonseed bluo " is stated by Kublmann to have the composition of Oi,H„ 4 Oi It is 
amorphous, readily destroyod by oxidising agents, insoluble in water, diluted acute, and 
alkalies; sparingly soluble in carbon disulphide and ohloroform, but moro readily in 
Rlcohol and ether, and dissolves with purple oolor m strong snlphuno aoid The un- 
oxidleed coloring matter of cottonseed oil has been examined by J. Longmore, who, m a 
communication to the author, states that it is a pungent golden-yellow product, insoluble 
in wnter, but soluble in alcohol and alkaline solutions, and preoipitated from the latter on 
addition of aoids It dyes well and perfeotly fast on both wool and silk. 
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10 to 15 per cent, of solution of caustic soda of 1 0(5 specific 
giavity, when the alkali combines with the coloring mattci and 
saponifies u poition of the oil The mixtuie becomes filled with black 
flocks which deposit on standing, 1 and leave the oil but slightly 
eoloied The loss fiom tcfinmg is usually fiom 4 to 71 pci cent , but 
occasionally amounts to 12 oi 15 Hence it is desirable, before pm- 
ch.vnug crude cottonseed oil foi refining, to a'mcitain hy a labuiatmy 
expenment wbat the peicentage of loss is likely to he Fuquently 
the tieatmeut with alkali is only carried fni enough to remove the 
gieatei pait of the coloring matter, the oil being then boiled with a 
solution of bleaching powder and subsequently tieateil with dilute 
sulphuric acid This method of treatment is economical, but the oil 
acqunes an unpleasant taste and smell which cannot be removed 

Rehned Cottonseed Oil is of a straw- or golden-yellow color, or 
occasionally neaily colorless The specific giavity usually ranges fiom 
922 to 926, and the solidifying point from 1° to 10 3 C By subjection 
to cold and pleasure a eeitam piopoition of ‘•teann is ‘-ep.unted, the 
melting point of the lestdual oil being couespondntgly Im.eied This 
lefined oil is usually fiee fiom acid, and, alien piopoily picptucd, of 
pleasant taste and adapted toi edible ami culuum puipo l 1 , tor which 
it is now extensively employed, both with and without its uatuie being 
acknowledged It is now substituted fin olive oil in feme of the lim- 
juents of the United States Phai macopcia, but its piiucip.il applications 
are in soapmakmg and the raamifaotuie of factitious buttci 

It gives but an impeifectly fluid elaidin with nieicuiic nitiate The 
fatty acids obtained fiom it have a high melting point (_o8 J C ) The 
color leactions with sulphuno acid and alkali so chaiacteii9tic of 
crude cottonseed oil aie produced imperfectly or not at all by the 
refined oil, accoiding to the treatment to which it lias been subjected 

Cottonseed oil is not itself veiy liable to sophistication, but is fre- 
quently employed to adulterate othei oils It may be detected by the 
specific giavity, aided by tbe color-tests given below and on pages 85 
and 8C The results of the elaidin test, with determinations of the 
iodine-absorption, rise of temperatuie with sulphuric acnl and bromine, 

1 The dop09it thus formed, consisting of coloring and albuminous nmttois, alkali, and 
■partially saponified oil, is technically called “ mucilugo " It is decomposed with a slight 
excess of acid, and tho resulting dark-colored groaso is heated to a temperature of 12(1° C 
(250° F ) with concentrated sulphuno acid, whioh renders insoluble tho coloung matters, 
Ac , wlnlo tho impure fatty acids rise to tho surface On distilling these with supui heated 
steam, a uuxtui e of fatty acids is obtained, whieh is separated into stcano and oleio acids 
by pressure, Tho “ cottonbccd stearin ” thus obtained is employed for making soup and 
composite candles, and for various adultoialious 
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and melting point of the fatty acids, enable the pioportion of cotton- 
seed oil in a mixture to be approximately determined. 

The following are some observed analytic data from mixed fatty 
acids of cottonseed oil — 


Specific gravity at 99° C (water at 15 5° = 1), 8407. 

100° 0 (water at 100° = 1), '8816 


Solidifying point (titer teat), 32'2°-32 7° 

33 3°-34 1° 

34 4°-35 2° 

35 G°-37 6° 

Melting point, 35°-40° 

Saponification value (mgrm RHO), 201 0-208 
Iodine numbei, 111-115 7 

Refractive hides, 1 446 


(Allen ) 
(Arehbutt ) 
(Lewlcowitsch.) 


(Tbcemer.) 


The following are special tests, adapted to the detection of even 
small quantities of the oil . — 

Silver Nitrate Teat . — Becchi has proposed the use of silver nitrate 
for the detection of cottonseed oil. The method has been found very 
useful, and several modifications of the test are in use. It may be 
applied to the oil or the mixed fatty acids therefrom, but is not 
applicable to oil that has been heated to 245° O. According to> 
Del Torre the following reagents are required: — 


Silver nitrate, 10 grin. 

Alcohol, 98 per cent (byvol), 200 '0 c e. 

Ether, 40 0 c c. 

Nitric acid 01 gra. 


Pentyl alcohol, . ... 100 0 o c 

Rapeseed oil, 15 0 c c. 


Ten c.c. of the oil to be examined are mixed in a test-tube with 1 c c. 
of reagent I, and then shaken with 10 c.o. of reagent II The mix- 
ture is next divided into two equal portions, one of which is immersed 
in boiling water for fifteen minutes. The heated sample is then re- 
moved from the water-bath, and its color compared with the unheated 
half. Piesence of cottonseed oil is indicated by the reddish-brown 
coloration of the heated portion. Only the purest alcohol should be 
used, and the rape oil used should be “ cold drawn,” and only slightly 
colored , it should be filtered in a hot-water oven before preparing the 
reagent. To guard against errorg from impurity of the reagents, a 
blank test should be instituted side by side with the actual test. 
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The part played by the rape oil m this test is explained, according 
to Becchi, by the fact that whereas fresh cottonseed oils give the silver 
nitrate reaction without rape oil, old and rancid samples or their mixed 
fatty acids do not react unless this oil be added. Many chemists con- 
sider the addition of rape oil unnecessary. Pearmam and Moor state 
that by the following procedure as little ns one per cent, of cotton- 
seed oil may be detected. The reagent is prepared as follows : 1 grin- 
of finely powdered nitrate of silver is dissolved m 100 c.c. of 95 per 
cent, alcohol ; when dissolved, 20 c.c. of ether and one drop of nitric 
acid are added ; 2 c c of this reagent is well shaken with 10 c.c of the 
oil to be examined, and placed in boiling water for ten minutes. Any 
blackening due to reduced silver proves the presence of cottonseed oil. 

Nitrie Acid Test — On shaking cottonseed oil with nitric acid of 
1*37 or 1 38 specifio gravity, a rich brown coloration is produced. 
Some writers have advocated the use of a stronger acid, but Lewko- 
witsch states that acid of 1*375 specific gravity gives the most.defimte 
results. The coloration is equally distinct in the case of oils which 
have been heated to 240° C , and in this respect the test is superior to 
Becchi’s test. Occasionally samples of American cottonseed oil are 
encountered which react bo faintly with nitric acid as to make it impos- 
sible to detect adulteration by them to the extent of 10 per cent. 

Halphen’a Test (Analyst, 1897, 326) — Caibon disulphide, con- 
taining about one per cent of sulphur in solution, is mixed with an 
equal volume of pentyl alcohol Equal volumes of this leagcnt and 
the sample — about 3 c.c of each — are mixed and heated m a bath 
of boiling brine for fifteen minutes If no led or mange tint is 
produced, 1 c.c of the reagent is added, and if alter five or ten min- 
utes’ more heating no coloi is shown, a third addition of 1 c c. may be 
made. It is stated that the depth of color is not the same with all 
samples It is possible to detect very small quantities of cottonseed oil 
by this test Lard and laid oil denved iiom animals fed on cottonseed 
meal will often give a famt lenction. The acids derived from cotton- 
seed oil also give the reaction distinctly Oil heated buefly to 245° G. 
still gives the reaction, but with diminished intensity 

Cottonseed Steaein is, properly speaking, the solid fat separated 
from cottonseed oil by cooling and pressing A product so obtained 
is stated to be employed for the manufacture of buttei substitutes, and to 
have nearly the same specific gravity as butter-fat The article known 
in commerce as “cottonseed steaiin” is usually impure stearic acid 
from cottonseed oil, obtained by the method given in the footuote 
on page 141. The crude oil expiessed from decorticated cottonseed 
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is sometimes very rancid and semi-solid at the ordinary temperature 
from the separation of solid fatty acids in the free state. By pressure 
it would yield a product similar to that obtained by distillation. 

Maize Oil (Corn Oil, U. S A). 

French — Huile de mais. German — Maisol. 

(See also p 93.) Maize oil is obtained from the seeds of the Zea 
Mays, either by expression 01 from the residue of the fermentation 
vats after they have been used for the preparation of alcohol. The 
latter product is much darker in color and apt to contain more free 
acid 

According to J. 0 Smith ( J . S. G. J, 1892, 504), maize oil is prac- 
tically without drying power, even when boiled or after the addition of 
litharge On passing a cuirent of air through it foi an hour at a tem- 
perature of about 150° C., the oil becomes slightly darker in color and 
rathei moie viscous, but not to the same extent as cottonseed oil If to 
the oil so treated a small quantity of manganese borate be added, the 
mass acquires siccative properties to a slight extent, and a thin film on 
lead dries in from ten to twenty hours, but not completely. Like cotton- 
seed oil, the elaidin reaction gives rise to a mass having a buttery con- 
sistency. The ml dissolves readily m acetone, and moie sparingly in 
alcohol or glacial acetic acid. 

Maize oil is used for lubricating, burning, and soap-making. It has 
also been proposed as a substitute for olive oil, and has been employed 
to adulterate lard. 

The following figures are compiled from various sources : — 

Specific giavity at 13'50, 91G- 924. 

Solidifying point, —10 to —20. 

Saponification equivalent, 290-298 

Iodine-absorption, 111-122. 

Acetyl -value, 7 8-8 75. (Lewltowitsch ) 

Heat of bromination, 21 5 (Helmer and Mitchell ) 

Solidifying point of mixed fatty acids, 14°-16°. (DeNegri and Fabns ) 
Melting „ „ „ 18 o -20°. „ „ 

Iodine number, 113-115 „ ,, 

J. C Smith obtained from 100 grin, of oil volatile acids sufficient 
to neutralise 0 56 grin, KOH. This would probably correspond to a 
Reichert number between 2 and 3. 
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Sesame Oil. Teel Oil. Gingili Oil. 

Fiench — Huile desfeame. German — Sesamol 

(See also p. 93.) Sesame oil, sometimes called benne oil, though 
distinct from the oil of hen or behen, has a yellow color, usually of a 
deeper hue than almond oil, is thinner than most oils, nearly odorless, 
and has a bland and agreeable taste That expiessed from the seeds 
congeals at about — 5°, but that exti acted by solvents at about -j- 5° C 

Sesame oil consists of olein, with palmitin, steal in, and linoliii. A 
small quantity of a peculiar, probably resinous, substance may bo 
extracted from the oil by agitation with alcohol or glacial acetic acid. 
The acetic solution has a blue color, changing to gieeuish-j ellow, on 
addition of a cold mixtuieof equal weights of sulphuiic and nitnc 
acids It is dextio-iotatory, and in the abseuce of castoi, crotou, and 
resin oils this pioperty may seive for its detection. It is an imper- 
fectly diymg oil, and does not leadily turn lancid Concentrated 
sulphuric acid converts it into a bi owuish-ied, gelatinous mass. “ Ger- 
man sesame oil ” is a name sometimes given to camelina oil The 
compulsory addition of 10 per cent of sesame oil to butter substitutes 
has been adopted in Germany to facilitate detection of butter adultera- 
tion 

The mixed fatty acids fiom sesame oil have given the following 
figures . — 

Solidifying point {titer test), 21 2°-22 9° (I ewkowitsi.li ) 

22 9 C ’-2S C° „ 

03 7°-23 S° 

Melting point, ‘2l°-3l 3° 

Sapomtication value (ingriu KHO), 109 3-201 0 

Iod me absorption, 100-1 1 2 

Refractive index, 11101 (Tlioerner ) 

Sesame oil may be detected by a reaction with furfural, as proposed 
by Yillavecclua and Fabris, being a modification of a test originally 
proposed by Baudouin Tbe reagent is 0 1 c c of a 2 per cent alcoholic 
solution of furfural mixed with 10 c c. of hydrochloric acid Instead 
of mixing this directly with the oil, Wauters suggests that the simple 
to be tested should be poured upon tbe reagent Less than 1 per 
cent of sesame oil will produce a crimson color at the point ot con- 
tact If tbe sample used be rancid, a brownish tint may be produced, 
which will mask tbe reaction when only small amounts of sesame oil 
are present 

vol n — 10 
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Tocliei detects the presence of sesame oil as follows 15 cc of th 
oil aie shaken in a sepaiating bulb with a solution of t gun of pyio- 
gallol in 15 ce of concentiatcd hydiochloi ic acid. The aqueous 
liquid is diawn oR and boiled foi about five minutes , in the presence 
of sesame oil it becomes colored, appearing led by tiansmitted and 
bine by inflected light 

Rape oil may be detected by saponification value, specific giavity, 
and solidifying and melting points of the fatty acids 

Poppyseed oil may be detected by the iodine number and thermal 
tests 

Cottonseed oil may be detected by Halphen’s and Livache’s tests 
and the melting point of the mixed fatty acids. 

Araehs oil will bo indicated by lower specific gravity and piesence 
of aiaclndic acid 

Linseed Oil. 

Fiencli — Hude de hn German — Leinol , Leinsamenol. 

(See also p 93 ) Linseed oil is the oil expressed fiom the seeds of 
Linum usitaiissimwn, or flax-plant 

Flax is commonly grown in India as a mixed crop with mustard 
and iape, and hence the oil from Indian linseed is nevei perfectly 
pure In Black Sea ports it is the practice to add 1 measure of hemp 
to every 19 of linseed, and adulteiation is also conducted in much 
moie consideiable pioportions. The vaneties of liuseed oil recognised 
in cmnmeice are iaw, lefined, aitist’s, and boiled oil. It is usually 
refined by agitating the iaw oil in lead-lined tanks with about 1 per 
cent, of concentrated sulphuric acid (specific giavity 1 845), and 
washing the product by boiling it with water, with or without open 
steam After settling, the watei and foots are run off fiom the refined 
oil 1 Boiled oil is described on page 149 

Freshly expressed linseed oil is a brownish or yellow liquid. The 
oil obtained fiom the seeds by cold pressuie has a golden yellow coloi 
and a peculiar bland taste; that obtained by hot pressure vanes m 

1 To propoie ill tint's oil, raw oil is allowed to stand for weeks or oven months to cause 
impurities to scttlo, and then tieatcdwith litharge or load acetate It is then Jblenohed 
Jjy oxposuio to sunlight. Vnnous sooiot methods of tioatment are employed lion or 
zino sulpliato is sometimes used, and is said to hasten the deposition ot impurities The 
lead Is often separated by sulphuric acid, which forms lead sulphate, which eariios down 
lmpuiitics Livacho treats the oil with metallic load and i amoves the lead which passes 
into solution by means of a solution of zinc sulphate, whereby load sulphate is precipitated 
and an oxide of the other metal remains in solution 
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color from amber-) el low to yellowish brown, has a more or less acrid 
taste, and possesses a stronger odor than the cold-pussed oil The 
specific giavity of the pure oil 13 geneially about 935, but may vary 
from 1)31 to 937 It becomes thicker when cooled, and solidifies at 
about — 27° C to a yellowish mass It imparts a yellow eolor to 
alcohol when agitated with it, and dissolves in about 40 measures 
at the ordinary temperature or in 4 or 5 at the boiling point of the 
spirit It product's great heat when treated with concentrated sul- 
phuric acid or bromine, nud u inflamed by fuming uitnc acid It 
does not yield a solid product under the influence of nitrous acid. 

Linseed oil is the most important of the class of diying oils Its 
applications in the aits, as iu the manufacture of paint, varnish, oil- 
cloth, and printing ink, are all based on its property of drying on 
exposure, a character which is moie fully considered later. In conse- 
quence of this tendency to combine with oxygen, it evolves much heat 
wheu exposed to the mr 111 a finely divided condition, sometimes suffi- 
cient to cause the inflammation of cotton-waste or similar material 
saturated with the oil. 

Linseed oil contains stearin, palnntin, and rayristin, which together 
form about 10 to 15 per cent. The remaining pot turn consists of 
lsohnolenin with smaller pioportions of linohn.huolenin, and olein The 
proportion of unsaponifiable matter is a little over 1 per cent. 

Linolic Acid was isolated by .Schuler in the following manner — 
Linseed oil was saponified with solution of caustic soda, and the soap 
purified by repeatedly salting out The aqueous solution of the soap 
was then precipitated by calcium chloride. Fiom the well-waslied 
precipitate the calcium hnolate was dissolved out by ether The 
ethereal solution was decomposed by agitation with cold hydrochloric 
acid, the ethereal layer separated and distilled at as low a temperature 
as possible in a current of hydrogen The residual acid had a dark- 
yellow color, and was further purified by dissolving it in alcohol, 
saturating the solution with ammonia, and then precipitating with 
barium chloride The barium linolate thus obtained was washed, 
pressed, and repeatedly recrystallised from ether, and then converted 
into the acid by a treatment corresponding to that described for the 
calcium salt. The acid was dried in a vacuum over sulphuric acid 
and a mixture of ferrous sulphate and lime 

Linolic acid is a thm oily liquid, of faint yellow color. It remains 
liquid at — 18° C , and at 14° C. has a density of 9206 It is said 
to possess a faintly acid reaction, and to have a taste which is at first 
pleasant and afterwards harsh. Linolic acid does not form a solid 
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product on tieutment with nitrous acid With nitric acid it swells up 
consideiubly and yields suberic acid, C 8 II u 0 4j a little oxalic acid, and 
a gieusy rc^in. 

On exposure to ail linolic acid absorbs oxygen, becoming thick and 
ultimately so viscid as scarcely to flow, but lenuins unchanged in 
color When spie.ul m a thfci layer oil wood and exposed to the air, 
linolic acid forms a viunish, but on glass only becomes tough The 
product is said to have the composition of a hydrate of oxylinolic 
acid, Ojr.H.iA.HjO When heated to 100° this gives off 6 7 per cent, 
of water and becomes blood-red. By piolonged contact with air, and 
more quickly if fiequently moistened with etliei , colorless oxylinolic 
acid loses its viscid consistence, and is conveited into a body called 
linoxyn. It is a neutial, amorphous, highly elastic mass, resembling 
caoutchouc, heavier than vvatei, and insoluble in it and in dilute 
acids, alcohol, oi ether, but swells up and dissolves in a mixture of 
alcohol and chloioform. In warm solution of caustic potash, and 
moce slowly in ammonia, it dissolves to a red liquid, which, when 
8 upersa tu mted with an acid, yields a yellowibh-red, Succulent precipi- 
tate, soluble in alcohol, and still raoie in ether, exhibiting the com- 
position and pioperties of oxylinolic acid 

Linolates. — The salts of linolic acid are difficult to obtain pure. 
They are white, mostly uncrystallisable, become coloied oil expnsuie 
to air, and are soluble in alcohol and ether Potassium and sodium 
linolates containing an excess of alkali absorb oxygen greedily and 
become yellow and dry when exposed in a finely divided state to the 
air, dissolve in water with dark brownish red color, and give, on 
addition of hydrochloric acid, a brown greasy lesin The ethereal 
solution of lead huolute, when evaporated on a glass plate, leaves a 
white amorphous residue of lead oxyhnolate. The acid separated 
from this salt by hydrogen sulphide and dissolved m alcohol 
remains on evapmation as a nearly colorless viscid mass, which 
becomes blood-red without change of composition when heated to 
100° or treated with acids or alkalies. The colorless alcoholic solu- 
tion of oxylinolic acid is not altered by alkali carbonates at the 
boiling beat, but caustic alkalies turn it red even at oidiuary temper- 
atures 
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The mixed fatty acids from linseed oil have furnished the following 
figures — 


Specific gravity it 15 5° C , 
Specific gravity at 09° 

9233. 

(Allen ) 

(water at 15 5° = 1), 
Specific gravity at 100° 

8012 

(Allen.) 

(water at 100 Q = 1), 

R025 

(Arclilratt ) 


rl9 0°-l‘) 1° 

(Lcwkowitscli 

Solidifying point (titer test), 

•] 80 2°-20 0° 


Sapon 1 at i value 

ll7 5° 

(Allen ) 

(mgrtn K01I), 

101.-199 


Iodine absorption, 

1 GO-1 hi 


Refractive index, 

14510 

(Thoctner ) 


Oxidation or LiNsi.ro Oil — The mo«t valuable propeity of lin- 
seed oil is that of taking up oxygen and becoming converted into a 
tough or hard varnish. Tills tendency is niueli enhanced by heating 
the oil above 130° C. while passing a cuuent of air through 01 over 
it, and subsequently increasing the temperature until the oil begins to 
etlervcsce from evolution of pioducts of decompo-ition. The product 
is called “boiled oil” By continued boiling the oil becomes very 
thick and maybe diawn out into elastic tin cads, which arc veiybticky 
but do not pioduce a gieasy stain on paper. This product is used in 
the inamifnctuie of punting ink 

The chemical changes which occur m the boiliug and drying of 
linseed oil are very imperfectly undeistood Aecoiding to Mulder, 
part of the lmolin is decomposed during the boiling, with foimation 
of Imolic anhydride, 01 a more highly oxidised body such ns liy- 
droxyhnolie acid According to W. Fox, the oxidation products aie 
foirned from the acids, and the glycerol bleaks up into acids of the 
acrylic series, forming the irritating vapors which always accompany 
oil-boiling Acetic and formic acids are prominent constituents of 
these vapors, and carbon dioxide and water are also piesent The 
statements of Mulder and Fox are probably too sweeping. The author 
isolated 8 8 pci cent of nearly pure glycerol fiom the products of the 
saponification of linseed oil which had been boiled by the steam 
process. Bauer and Hazura (MonaUch. Ghem , ix 459) also consider 
Mulder’s explanation of the drying of linseed oil to bo only paitially 
coi i i'ct. The subject has been reinvestigated by these chemists, who 
ai lived at the following conclusions, — 

1. The more linolenic acid an oil contains the more rapidly it dries. 
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2 The products of oxidation me not nioiely additive compounds, 
blit contain juut of their oxygen as OH gioups The oxidation of 
the salts is similar to that of the acids themselves 

3 By very prolonged e'josine to air at ordinary tempeiatuies, 
or by shorter exposuio at about H0° C , the fatty acids aic fully oxidised 
with foimatioii of a lesinous sticky solid, insoluble in ethci, but 
reconverted into aculs soluble m etliei cu heating with alkali. 

4. The diying properties of oils depend upon the pie«euce of 
linolic, hnolemc, ami wolihoLmc acids, as oleic acid forms no solid 
oxidation pioducts Dining the diymg of linseed oil only the tritenyl 
of the non-diynig esters rs oxidised, as is 8ho\>n by the veiy small 
quantities of eaibonie, foimic, and acetic acids formed by passing pure 
air tlnougb pumice soaked m linseed oil The samples of linseed oil 
'.'bn h were still in the flist si ige of oxidation, as shown by their being 
still soluble in ether, contained SO and 121 per cent of free acid 
The body insoluble m ether, called by Mulder linoxyn, pioducod by 
the oxidation of Indued oil, is an ester teimed liydi oxylinolin . 

By adding litharge, led-lead, feme oxide, or manganese dioxide or 
hydiule dunng the pioce&s of boiling, tlie oxidation and consequent 
drying of the pioduct aio still further facilitated. The nature, pro- 
portion, and mode of adding these substances are usually kept secret 
Lead acetate and manganous boiate are among the most approved 
The action of some at least of these “driers” (eg., compounds of 
manganese) seems to be that of cameis of oxygen, while litharge 
dissolves in the oil and acts partly as a earner of oxygen and paitly 
as the base of ceitain salts which oxidise veiy rapidly. 

The '•olid siteatir es formerly m use li.\ve been lately replaced by soluble com 
pounds These possess the ulvantnge tint tliey may lie mcorporatul with the 
oil at a lower temperstme or men in the cold it the siccative lias been previously 
dissolved in turpentine Compounds containing lead alone are but little used, 
the ordinal v prep nations being manganese resinate, lead and manganese resin itc, 
inangiun.se huolate uuil lead and manganese huolato (i e , piepar itions obtained 
liom the limed linseed oil aculs) I’rodiifts obtained with other met ils, stieh 
as copper and aine, have Iiclu found to he useless The usinates aie made 
i ltlicr liy milting together the* n-iti, usually colophony, with the metallic oxide, 

m by s a[ (1. ..tn,u of the usln anil preeipit ilnm from the aqueous solutiou of 

l lie sierp by means of a salt of manganese* or lead 

To be ctfeitivc tlie siuitive sbould lie completely soluble, any suspended 
ovule being not only \ illicit **s lmt harmful Tlie solvents employ til in testing 
tlie* prep nation aie etbu and (in the case ot lead losmate) clilmnlortu "When 
fnsiilultle in these tlie sample will be insoluble also m moderately hot linseed 
oil, and tlieieforc worthless From the examination of a huge number of 
samples, Wegcr 139C, 300) finds that the soluble manganese in fused 
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resin ites seldom exi ecds 2 ! pel cent, lint in precipitated resin lies it miy 
H.u li 0 or iM'ii 7 pi 1 i eat Good puparatioite oi Juki! mm" tnc-" him' it" In\e 
il .mil in ‘’(ini" v isos cien 11 pi i pent Tin prep n ition most used is hi- nl Ii ul 
■mil maun mese ie-in.de, the most suilahh piopmtiun ot lcul to m.meiiiese 
appi us to lie 5 1 

The ipi inlilirs lequiied foi tlie piep.inlion ol a good \ uiusli ,uc Melted 
nviue uiisP in lead m.ingmieie nsin l'e, 2 to i! pel cent , melt’d lu “i" uu ie 
lmol do. 1 per cent , aud precipitated inane ‘iic-e re -nnk, 1 to l 'jure nt 

Fur the annlytu il examination, ‘YVe/'er limns oft theoiginu* moflti .‘i>d deter- 
mines the null" most mill lc id m the ash It u useless to i\ei„di the ti I il ash, 
..nice lummlcs often contain s ind. It, altei the remox cl ot the le id, calcium he 
pre-ent, to any extent, the muu'.nics.e and e ilcium are dctei mined together m 
lirufr >1 i.duliou as earhonates, the mm/MUiC tit » it"d mil the e.ih nih, deter- 
mined hy diflcronce The insoluble lead mil m in > muse are drtctimiieil lij 
ilissohni" i fresh pin turn of the sioeetni in f llicroi eliltmifoi in, ldteini", wash- 
ing, igmlun;, etc The soluble m -i ugine=e is deleimined bv the ditlereuce 
hi tween tlnu re ult mil that of the total nurn'miese, and the remit may he eon- 
ti ol li d by determining the soluble mang me uin analnpiotpiii lion ot the llltiate 
The 'oluhle 1 lead mint he determined liy dineienee, sine" the elilorolonn lannot 
hi mmjih Iclj ev.tjnjrated Irom the rpjiuate solution, ti.cecs lunaming except at 
<i u \1 heat when most of the lead eolatilrcs wall) it as lead clilonde 

The change of composition undergone by 100 grm. of linseed and 
puppy oils by exposure to air during 18 months was found by Cloez to 
be ns iullows — 
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The quantity of oxygen absorbed was gie.iter than that given off 
in the form of carbon dioxide* and wntei, and the oil finally showed 
a consideiable xnciease in weight The action of light is not essen- 
tial, but was found to facilitate the change, the more refiangible 
lays having the gieatest influence. In the dark the chemical change 
is induced veiy slowly, but when once begun it proceeds rapidly. 1 

1 Acuirdmg to Mr T Duggan, to whom the i.utci u indebted for numerous specimens 
.mil much valuable information on lmscctl oil ami allied subjects, the oil thickens in tin 
dark, but lo-,ea iti cli> mg power in smuo measure, ng uiung it on subsequent exposure lo 
light and air 
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When a drying oil containing manganese oxide in solution is dis- 
solved in an equal measure of benzene and agitated with air in a 
closed vessel, rapid absoiptinn of oxygen takes place, especially at a 
temperature of 40° to 50° C. If the supply of air be repeatedly 
renewed the liquid becomes thick, and on distilling off the solvent a 
residue is obtained which solidifies on cooling to a dry and perlectly 
elastic solid By limiting the oxidation various intermediate products 
are obtainable The last product is characterised by its elasticity and 
its insolubility in water, alcohol, and ether It is almost instantly 
saponified by caustic potash in the cold ; and on subsequent separation 
of the fatty acids it is found that the solid acids have undergone no 
alteration, whilst the liquid fatty acid has been converted into viscous 
products, cliaiactensed by their solubility in water and by the salts 
which they form. 

Assay of Genuine Linseed Oil. 

Linseed oil is often sophisticated, but even when perfectly genuine 
its quality varies within wide limits In practice, the best oil is that 
which dries moot perfectly, but the rapidity of drying and tli6 con- 
sistency of the ultimate product are most important factors in judging 
of the quality of linseed oil Thus the dried oil may bo tough, very 
elastic, hard and brittle, or rotten An oil giving a hard product is to 
be preferred, as elasticity can be readily imparted in the after-treat- 
ment if required 

Raw oil, intended for making pale boiled oil or varnish, should not 
have a specific gravity much below 935, or it will be apt to contain a 
notable proportion of other seed oils; 3 per cent, of such admixtures 
is the maximum allowable in linseed to be used for producing this 
class of oil. 

Among the various methods of judging of the quality of linseed oil, 
those proposed by Livache and Bishop (see page 69) are the most 
satisfactory 

The iodine-absorption of an oil appears to increase with its drying 
powers, and the determination could probably be employed with 
advantage for ascertaining the quality of linseed oil. 

The temperatuie-reaction with sulphuric acid appears to vary some- 
what with the character of a linseed oiL Thus J Baynes (see foot- 
note on page 77) has communicated the following figures to the 
author:— 
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Hisi or Tr\tr rnAruur. ° C 


Baltic linseed oil, two years old, extra "nod for \arnisli, 131 

Another simil.ii sanude, . , 133 

Old '■ample, from hnglisli seed, 115 

Itussi.ui oil, . . . . 113 

La Plat toil, . . ,113 

Fiesli oil, Irom Last Indian stcd, , 104 


The until re of the drier* milled to linseed oil enn be generally m- 
fernul fioin an examination of the ad i left on burning 100 grin of 
tlx sample, a little at a tune, in a porcelain dish The residue should 
he specially tested foi lead, copper, 7,111c, iron, manganese, and boiutes, 
Sulphates, acetates, borates, and most other salts nmy be detected 
by agitating the original oil with a solution of sodium carbonate, 
separating the aqueous portion, and examining it for salt-radicals in 
the usual way 

Detection op Adulterations or Linseed Oil 
Linseed oil is liable to be adultemted in a variety of ways. Cotton- 
seed, mgerseed, and fish oils aie added , mineral and rosin oils, often 
both together, are largely used , and rosin it-elf is also added 
The drying and oxygen absorption tests descnbed above arc valuable 
as indications of quality, and hence probable adulteiatinn, but it 
must be borne in mind that samples of genuine linseed oil differ much 
in their behavior undei these tests 
The specific gravity of genuine raw linseed ml lies between 931 and 
937, that of the boiled oil between 939 and 950 Mineta.1 and all 
foreign seed oil* are lightei than linseed oil, while tosbi and rnvn oil 
are much heavier Bv the judicious use of a suitable mixture of 
mineral and rosin oils, extensive adulteration can be effected without 
alteration of the specific gravity 

The solidifying point of pine raw linseed oil is about — 27° C ,but 
samples containing othei seed oils solidify at a highei tempeiature 
The same ictnatk applies to the lelative fusibility of the fatty acid3, 
those prepaid! fioin cottonseed oil having an exceptionally high melt- 
ing point 

T.he iodine-absorption is a valuable method of determining the pro- 
portion of a seal oil 111 linseed oil, provided other adnlteiants are 
absent Fresh raw linseed oil assimilates over 170 per cent of iodine, 
while cottonseed oil takes up only 102 to 111 per cent Some fish oils 
absorb as much iodine as does linseed oil 
The rise of temperature on treating the oil with strong sulphuric 
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acid (pnges 76 and 163) is also a useful test foi linseed oil, which 
gives more heat than any other seed oil, though it is equalled and 
even exceeded in this respect by some of the fish oils 
Hehner’s heat of brominatiou test (page 80) is -also of value 
Archbutt (J S. C. 1 , 1897, 309), a3 the result of the examination of 
ten samples of raw linseed oil, gives biontme theimal values langiug 
from 28 5 to 32’6 

The sulphuric acid color-test descubed on page 85 is a useful indi- 
cation of the punty of linseed oil With a genuine sample a dark- 
brown clot is fonned , if rosin oil or fish oil be present a reddish-bi own 
spot quickly foirus, which in the former case retains its red tiut for a 
long time, whilst a peculiai scum foinis over it This tost is aKo appli- 
cable to the detection of rosin oil in boiled linseed oil 

F'nh oils may also be detected by the darkening pioduced by passing 
n rapid stream of chloune thiough the oil, and by the reddish color 
produced by boiling the oil with alcoholic soda They aie fuither 
recognisable by the taste and the smell of the sample on warming, 
and by the peculiar scum which rises when such oil is heated to boil- 
ing As a test for cod oil, which is not unfrequently used m the case 
of linseed oil intended for the preparation of printing ink, A Slorell 
recommends the following test. — 10 grru. of the oil ate well agitated 
With 3 grm of common nitric acid, and the whole left to stand With 
pure linseed oil the color will change during the stirnug to sea- 
green, afterwards becoming dirty greenish-yellow, whilst the acid 
assumes a light yellow color In presence of even 6 per cent of 
cod oil, after standing some time the oil is said to acquire a dark 
brown color, while the acid is tinged orange or dark yellow, according 
to the pioportionof the adulterant present A similar test has been 
described by A. Conrath for the detection of romn oil 
Japamvood oil (page 95) is distinguished by the very hard black 
clot it gives with sulphuric acid, and by yielding a highly colored 
semi-solid product with the elnidui te3t. If heated for a short time 
to about 300° C., the oil becomes a transparent jelly, the change 
occurring either at once or on cooling 

Hydrocarbons aro largely employed for adulterating linseed oil 
They may he determined with accuracy as described on page 112 A 
mixture of mineral and rosin oil is fiequently used, iosin itself being 
sometimes also added The mineral oil is usually of low density ( 865 
to ‘830), as the heavier oils are of too gieasy a nature. The rosin oil 
employed for adulterating linseed oil is free from smell even when 
heated, but has a peculiar taste which is not masked by the linseed 
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oil The piesence of losiu oil causes liiisrod oil to remain “tacky” 
for a long time, nml pi events it evei becoming bind 

The anal) sis of a sample oi boiled linseed oil which, in addition to 
containing various mineral additions and free fatty acids, is also adul- 
teiated with 1 os in, rosin oil, and mineral oil, is a complex pioblem 
The following plan is lecomtncnded , the substantial accuracy of the 
results yielded lias been established m the authui’s lahoratoiy 123 grin, 
of the sample sliuuld be shaken in a separator several times with dilute 
Iiydiuchloiie acid The aqueous liquid, winch may contain lend, /me, 
manganese, hoiates, and other mineral additions, is sepaiuted lujm the 
oily layer, and the latter is washed by agitation with water till the 
washings no longei rahhn litmus The oil is then tieated with recti- 
fied spirit, and the free fatty and usin acids titiated with standaul 
alkali and plicnolphthalcin as dc^cnbed on page 105 The lieutuil 
point having been reached, the alcoholic Inyei is scpai ated from the 
residual oil, winch consists of ui utial fatly oil and lujdnicaibon oils of 
the oiiginal sample. These may be sepaiuted as descubed on page 112 
The alcoholic solution is then coneeutiated, water added, and any 
globules of oil dissolved by agitating with petinleimi spmt After 
sepaiation liorn the aqueous liquid and evapointimi of the solvent, the 
small residue of nential oils may be weighed, and the amount found 
added to the main portion The aqueous solution is then acidulated 
with dilute liydiochloiic oi sulphunc acid, when an Oily layer is 
obtained, consisting of the fiee fatty and lesin acids of the oiiginal 
sample, together with such additional amount as may have been formed 
by the decomposition of metallic soaps ni the first stage of the process 
This is sepaiuted flora the aqueous liquid, washed with a little water, 
and filtered through wet papei Oil subsequently diying the filter in 
the water oven, the fatty acids pass tluough, and can be collected in a 
small tared beaker, the poitiun lemuimtig on the filter being dissolved 
in ether, and tieated as disci died on page 51 After weighing the fatty 
acids in the beakei, 1 grm. is tieated by Twitdiell's pmcess foi the 
sepaiation of fatty and resin acids The amount of wun thus found, 
subt) acted fiom the mixed fatty and lesm acids, gives that of the fatly 
acids alone. By agitating the oiiginal sample with alcohol, sepai ating 
the spirituous solution from the undissolved oil, and titiating the former 
with standard alkali, the 'sum of the fatty and resin acids onginally 
existing in the oil can be ascertained. 
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Castor Oil 

Ficnch — Iluile de ricm German — Ricinusol 

(See also p 95 ) Castor oil is expressed from the seeds of Ricmus 
ec 1 1 which it constitutes nearly half the weight. If not per- 

fectly clear, the oil is filtered, or treated with a small proportion of 
magnesia and animal charcoal. 

Castor oil is a transpaient, coloiless, or pale greenish- yellow liquid, 
having a faint odoi and disagreeable taste At a low temperature it 
thickens and deposits white granules, and at or about — 18° C it 
solidifies to a yellowish mass 

Castor oil is distinguished in its physical characters from roost other 
fixed oils by its high specific gravity aud viscosity, ready solubility in 
alcohol and insolubility in petroleum spirit These characters are of 
value for the as«ay of commercial samples, and are descubed below 
Some samples of castor oil aie optically active Deering and Redwood 
have observed a lotation in Indian castor oils, of from +7 6° to -f-9 7° 
The obseivations weie made with a Hoffmann Laurent polurimeter. 

Castoi oil contains ucinohn and lsoncinolins, dihydroxysteann, 
and a small quantity of stenrin. Palmitin and olein are absent 1 

Ricinolic Acid, HCi 8 H 3 30 ,, may be prepared fiom castor oil by 
the method employed for the preparation of oleic acid fiom oils , or 
castor oil may be saponified, and the soap fiactionally precipitated 
with calcium chloride The first third should be lejected. The later 
fractions are purified by crystallisation from alcohol, and decomposed 
by dilute hydrocbloiie acid 

Ri ci nolle acid is a thick oily liquid, which solidifies below 0°. It is 
insoluble in water, but is miscible in all piopoition9 with alcohol and 
ether. The alcoholic solution has an acid leaction, an unpleasant, 
persistent, acnd taste, and does not oxidise in the air. Like oleic 
acid, it combines with Br a , and by treatment with nitrous acid is 
gradually converted into a stereo-isomer, ncmelaidic acid, a body 
crystallising fiom alcohol in white needles, melting at 60° C, and 
forming an additive compound with Br 2 When heated with phos- 
phoms, iodine, and water, ricinolic acid yields an lodo-acid, which by 

1 C R A Wright finds that tho mited acids from castor oil have a moan combining 
weight ranging fiom 29,1 to 299, that of ricinolic acid bung 298 A sample of castor oil, 
anal} sell very carefully in tho writoi'a laboratory, gave 9'13 per cent of glycerol and 
96 17 per cent of acids, of 396 5 mean combining weight and 9509 specific gravity at 
15 5° C 
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the action of nascent hydrogen f hydrochloric acid and zinc) is con- 
vened into stcuic acid 

When distilled in a partial vacuum, ricinolic acid yields enanthal 
01 noi mill heptoic aldehyde, C 6 II 13 COH, and an acid of the acrylic 
senes The reaction may bo used for the detection of castor oil. For 
this pui pose the sample should be saponified, and the fatty acids 
libcinted and rapidly distilled in a small retort. The distillate is 
shaken with a saturated solution of acid sodium sulphite, the resultant 
crystals pressed, dissolved in a solution of sodium carbonate, and the 
liquid distilled in a cunentof steam. The enanthal will collect on 
the surface of the distillate as a highly refractive liquid, of peculiar 
uiomulie odoi , boiling at 154° Enanthal is also pioduced by sub- 
jecting the alkali-metal salts of ricinolic acid to dry distillation, but 
if caustic soda be present in addition, sodium sebate is formed, and 
methjl-hexyl caibiuol and methyl-hexyl ketone are found in the 
distillate 

Ilmuolic acid forms a series of salts, many of which are soluble in. 
aud may be crystallised fiom, alcohol or ether. 

The following are the results of examination of the mixed fatty 
acids of castor oil — 

Specific grimly at 15 5° C , 

„ „ „ oa’-oo 0 , 

Solidifying point, 

Melting point, 

Iodine v ilue (per cent ), 

Refractive index. 

Commercial Castor Oil 

The peculiai physical characters of pure castor oil distinguish it 
sharply from most other oils, but it is liable tp adulterations, which, 
when not in excessive proportion, are difficult to detect The most 
probable adulterants are poppy oil, lard oil, coconut oil, seal oil, rosin 
oil, and the oxidised or “blown" oil now manufactured fiom rape, 
linseed, or cottonseed oil. 

The specific gravity of the puie oil is exceptionally high It usually 
ranges between 900 and 904, and any sample showing less than 958 
i» open to suspicion. The only other commercial fixed oil having as 
high a specific gravity ns castor oil is blown oil Jlosin oil lias often as 
high a specific gravity as 998, but it can be detected and determined 
with accuracy as described on page 112 The viscosity of castor oil 


9509 (Allen ) 

H%0 „ 

3° (Hvibl ) 

11° 

87-94 

1 45 1(5, (Thoerner ) 
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at the onlinaiy temperature exceeds that of all other natural fixed 
oil', but is approached by rosin oil and blown oil 

The solubility of castor oil in alcohol is much greatei than that of 
any oil likely to be u^ed as an adulterant According to the Entail 
Pharinmoptut, it is entirely soluble in an equal measuieof absolute 
alcohol, and in twice its measure of rectified spmt This descnption 
is faulty , at a tempeiature of 30° C it is strictly coriect, piovided the 
strength (specific gravity 838) and volume of rectified spirit and tem- 
perature prescnhed be rigidly adhered to, but the use of a slightly 
weakei spirit, the addition ot a veiy trifling proportion of water, or a 
slight reduction of temperature, causes the castoi oil to be tlnown out 
of solution It is pcihaps piefeiable to use 4 ineasuies of rectified 
spirit at 15° C than half that piopoitiou at the lugliei tempeiature. 
If any considerable propoition of adulterant be pieseiit, the liquid 
separates on standing into tlnec lajeis, of which the lowest is usually 
the fureigu oil, and its volume will a fib id an appioximate indication of 
the proportion of the admixture It the adulteiatmg oil can be iden- 
tified by its chemical or physical eliniacteis, or lefened to its piopei 
group, the altered specific gravity of the sample will also afield a means 
of approximately estimating the pioportion present Oleic ocul would 
not be detected by the alcohol test, but it cau be detei mined with 
accuracy by titiating the sample with standard alkali 
The helm 101 of castoi oil with peti oleuiu spirit is highly character- 
istic As far as has been recoided, all othei fixed oils di-sohe with 
facility in petroleum spirit, and aie piobably miscible m all pmpoi- 
tions therewith, and with mineral lubncaling oil. On the othei hand, 
castor oil is not soluble in petroleum spmt, though it is itself capable 
of dissolving Us own volume of that liquid. With the heavier petio- 
leum and shale pioducts castoi oil behaves in a similar manner, at 
least in a qualitative sense In making a mixed oil for lubncatiug 
purposes, the castor oil must fiist be dissolved in an equal measuie of 
lard or tallow oil, and the heavy nnneial oil subsequently added. It 
the proportion of this does not exceed that of the castor oil employed, 
no sepai ation will occur on standing 
Castor oil is readily soluble in glacial acetic acid It is easily mis- 
cible with an equal measure of that solvent at the ordmaiy tempeia- 
ture, whereas most other fixed oils, except croton oil, are only dissolved 
on heating, aud yield solutions which become tuibid before they have 
again cooled to the ordinary tempeiature 
Another useful test foi the purity of castor oil is the detei minatiou 
of its Bapomfication equivalent The number for enstor oil is about 



FIXED OILS AND FATS 


150 


,S15 Tho values found by the autlioi for blown rape ml varied fioru 
275 to 284 Most other oils icquirc a larger proportion of alkali than 
castor oil, and this is especially the ca=e with coconut oil, the presence of 
which tho test is well adapted to recognise Helmed rosin oil, which 
has beeu extensively employed for the iidulteiation of castor oil, 
ncutii'li-'CS no alkali, or only a lulling quantity, and may be determined 
with aecuiacy by the piocesa described on page 112 A sample of 
ui'toi oil foots, containing much steal in, was found by the writer to 
hue a sapouihcation-equivaleut of 295 3, the density being 939 4, 

Hie ioimatum of sebacic acid, when the sample is distilled alone or 
with a quantity of alkali insufficient for its complete saponification 
(p, 157), may be employed as a test for foreign Used oils m castor oil. 

Auzakin Oil Tuiucly-Red Oil 

In dyeing cotton goods red with alizarin, the employment of a fatty 
acid at one stago of the pioee-s u essential. Experience has shown 
that the best results are obtained by employing the ammonium salt of 
ricmolbulpliuric acid, C, s lIii(IISOj)Oj, a body which is obtained, mixed 
with uuulteied esteis and with the pioducts of its decomposition 
(see “ Sulpholeic Acid ”), by the action of sulphuric acid on castor 
oil Tho details of the method of pi operation vary coi siderably ; a 
common plan is to tient castor oil with stiong sulphuric acid, added 
slo,vly with stmiug, so that the tempeiature docs not rise above 35° C. 
The excels of sulphuric aud n then lemoved by agitating the product 
with watei and then with a solution of common salt, and the oily layer 
of crude uciuolsulphunc acid is neutralised with ammonia, or with a 
mixture of ammonia with potadi or soda The product consists chiefly 
of ammonium licmolsulphate, and constitutes "alizarin or turkey-red 
oil," sometimes called “ red oil ” or “ olein oil ” 

Tiukey-ied oil, if piopeily prepared from puio castor oil, when 
largely diluted, even with hard water, 1 will bear the addition of 
ammonium hydroxide to alkaline reaction without showing any tui- 
bidity on standing for several hours A turbidity or precipitate 
denotes the piesence of solid fats, and indicates the employment of 
either impure castor oil (eg , castor oil foots) or of rape, cottonseed, 
olive, or othei oil containing stearin or palimtin. A further indication 
of these oils having been employed is obtained by boiling the sample 
for some time with dilute sulphuric acid, and observing the solidifying 

i A jmro tm key-red oil from castor ml cm dissolio small proportion* ol calcium salt- 
If tho oil bo nciit, a wlnto prcoipltato maj bo product rl on diluting it oven with distilled 
water, but this will Linmeii itcly disappear on adding oxu.ss of uiuuumiuin Ujdroxido 
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point of the mixture of esters and free fatty acids constituting the oily 
layer The alcohol test, described on page 158, is also available, for 
the oil layer will be wholly soluble if castor oil alone was used for the 
pieparation of the alizarin oil, while the liquid will be turbid, and, 
globules of uudissolved matter will gradually separate, if other oils 
had been used The test becomes more delicate if the alcohol be cau- 
tiously diluted. 

The proportion of fatty acids, &c , present in alizaiin oil varies con- 
siderably. It may be as low as 40, and occasionally reaches 65 per 
cent , the usual piopoition being about 50 pei cent 

For the determination of the total fatty matter Williams (J S C. L, 
1886, 73) treats 25 gun of the sample in a poicelain dish on the water- 
bath with sufficient dilute acid to decompose it, 75 c c of a saturated 
solution of common salt, and 25 gtm of white wax. The ricmolsul- 
phuncacid is insoluble in bnne, and heuce rises to the surface end 
dissolves in the melted wax. After cooling, the cake of wax is 
removed, dried as completely as possible with filter-papei, and then 
gently heated or dried over sulphuric acid to remove the last traces of 
water The excess of weight over that of the wax taken gives the 
weight of fatty acids in the quantity of the onginnl oil taken 

Biuhl recommends the extinction of the liberated fatty acids with 
ether The oil is treated with sufficient dilute sulpliuuc acid (1 10) 
for its decomposition, and is then shaken with ether. The ethereal 
layer is separated, evapoiated at a gentle heat, the residue diied at a 
temperature not exceeding 70° C , and then weighed. Williams con- 
siders this process to give results in excess of the truth, in consequence 
of the ethereal extract being contaminated with water and mineral 
matter (usually sodium sulphate) The ethereal layer cannot be 
purified by agitation with watei without some of the ncinolsulphuric 
acid passiug into the aqueous liquid 

Croton Oil. 

French — Huile de croton German — Grotonol 

(See also p 95) Croton oil is obtained from the seeds of the Cro- 
ton tighum 

The discrepancies in the analytic data for croton oil as determined 
by different observers are probably largely dependent upon the method 
by which the oil was obtained. Thus, Javillier ( Analyst , 1898, 213) 
prepared three samples, the first by simple expression, the second by 
extraction with ether, and the third by digestion at 75° C , with 95 
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jit'' 1 cent, alcohol, the fiist two methods being those described by the 
French Codex of 1S81 The jield and chaiactei of the pioducts :ue 
shown in tho following table — 



Eypuf^ld Oil, 

Oil F.vrUACTED 

n\ Ammoi 

Yield .. J 

Color 

Solubility (1 \ol oil -h 2 

vote absolu to alcohol) 
Sohdibo ition tomporaivH e 
loiUntt number » » 
Saponification value 
\tflll V lluo. 

f “ J p l n‘ 0 cu,t ' 

Solubloat ij°r 
—7° (J 1 

100 

38 pt r tent 
Light blown 

Soluble at 75° C 
-7°C 

ins 

114 5 
.10 9 

12 per rent 
Vciy dirk brown 

Soluble m Ibe eold 
— t>° C 

2 till 8 

80 1 


The acid value was determined by dissolving the oil in elhei and 
titrating directly with decinormal alcoholic potash. 

The lighter varieties darken veiy much with age Croton oil 
difleia fiom castor oil in being soluble m petroleum spirit. It lias 
slight drying powei and forms no elaidm with nitious acid, It is 
stated to contain the following fatty acids aud their esters — stearic, 
palmitic, oleic, mynstic, lauric, valenc, butyiic, acetic, formic, and 
tiglic Doustan and Boole (J S C 1 , 1895, 983) have shown that 
the vesicating constituent is a neutral, tenuous substance of empmeal 
formula CuH u O«, which foims but a small pioportion of the so-called 
“ cioton-oleic acid ” from which it is obtained. 

Lew kowitsch has observed Reichei t-Meissl values of 113 27 and 
13 56, and acetyl values of 19 61 and 20 02 for croton oil. The same 
obseiver gives a solidify my point of the mixed fatty acids as 18 6° to 
19° a 

Palm Oil. 

Ftench — Htiile de palme German — Palniol, Palmfett 

(See also page 96.) Palm oil is the pioduct of several species of 
palm, but paiticularly of Ulcus Gummas Palm oil piopei is 
obtained fioin the outer fleshy coating of the seed, the palmnut or 
palm kernel oil having a difl'eient composition 

Palm oil varies in consistency from that of soft lard to that of the 
hardest tallowr, and its melting point is coriespondmgly vtniable. In 
color the oil ranges from the brownish-yellow common in the Salt- 
pond and Grand Bnssa brands through vauous shades of red and 
orange to the orange-yellow. of Calnbai oil. The color becomes pale 
after keeping, especially upon exposure to light and air, the oil at the 
VOL it —11 
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■same time becoming rancid The odor of some of the better qualities, 
such as Calabar, Brass, and Benin, is not disagreeable, but some of 
the irregular, such as Salt-pond, have a more or less disagreeable 
smell, especially when warmed. 

In chemical composition fresh palm oil consists essentially of pai- 
mitin, olem, and palmitic acid 

Palm oil is a common constituent of railway-carriage grease, and is 
largely used for making soap Palmitic acid, extensively employed 
for making candles, and oleic acid, often called “oleine,” are obtained 
by saponifying palm oil under high pressuie with water and a small pro- 
portion of a base, and subjecting the lesultant mixtuie of fatty acids 
to hjdraulic pressure 

Analytic data from the mixed fatty acids of palm oil have been 
given as follows — 


Specific giavity at 98°-99° C 
(water at 15 5° = 1), 
Specific gravity at 100° C 
(watei at 100° =1), 
Solidifying point, 

Melting point, 

Saponification value 
(mgrm KIIO), 

Iodine value, 


8701 

35 8°-46 2°, usually 44°-45° 


(Allen ) 
(Arclfbutt ) 


(Thoemer ) 


Commercial Palm Oil 

Palm oil as met with m commerce varies greatly in quality. It 
almost always contains more or less watei and solid impurities. Some 
of the irregular oils occasionally contain 25 or 80 per cent., but the 
usual lange is from 2 to 16 per cent., while most of the regular oil 
does not contain more than 5 or 6 per cent. It is usual to sell palm 
oil on the assumption that 2 per cent of such foieign matters are 
present ; any excess over this is allowed for 

Water is best determined by exposing 10 gnu of the sample to a 
tempeiature of 110° C for an hour or two, and noting the loss of 
weight (see “ Lard ”) If the residual oil be then dissolved in warm 
petroleum spirit, the solid unpin dies will settle to the bottom, and can 
be filtered off, washed with a little ethei, dned, removed from the 
filter, and weighed. After weighing, the residue may be ignited, when 
the ash will indicate with sufficient accuracy the propcntion of s and 
and mineial matters, and loss of weight will give that of the organic 
matter. In many eases the water can be determined with sufficient 
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accuracy by noting the measure of the aqueous layer which sepaiates 
when the midneil sample i-. d ism rived 111 pctioleum spirit, or simply 
kept melted in a gi.itluateil tube immersed in hot water. 

Palm oil often contains a considerable piopuition of free fatty acids, 
the amount increasing ns the oil gets old The fiee acid lanes the 
solidifying point of the oil, and causes it to cxetcKe a veiy corrosive 
action on iron and steel A strip of blight steel will soon become dis- 
colored if unmet set! in palm oil containing fice acid, and if left for 
some time in the oil will be found to be deeply pitted in places. The 
following proportions, calculated as palmitic acid (see page 105), have 
been found — 


T ' . u n „„ n„ 

I'ALMU 

,r 


Palmitic Acid, 


Ar.hl.ull 

A N Tale 


I .\rchlnilt 

Salt-poinl . . . 


84 0 

rcrniiwlo Po 

to 5 

UnUniren 

Iloilnod 

V.S 


Unit 

Unit-} nek 

2M 

Briss 

50 2 



21 j 

New Cilabu 

52 2 

I'l-O 

jL.nm/ 

11 I) 


The following results obtained by the analysis of typical samples of 
palm oil, from which the water and impurities weie removed, have 
been communicated to the author by A Noiman Tate — 



Pai.m Olein is obtained by subjecting palm oil to liydiauhc pleas- 
ure in the same way that lard oil is made from lard It usually lias 
a density of about 914, and solidifies lit 10° C. With sulphuric acid 
it gives a gieenish -yellow spot, which changes to a mottled brown on 
stirring 

Palm Nur Oil or Palm-Kernf.l Oil presents marked distinctions 
from palm oil It varies from white to primrose yellow or pink in 
color, with a chaructenstic odor recalling that of violets, but not unlike 
that of coconut oil, which it resembles closely in every lespect The 
density is high, ranging from 866 to 873 at 99° C (compared with 
water at 15 5°) The melting point is from 26° to 30°, solidification 
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oceuning at 18° to 20°, and the temperature again rising pretty con- 
stantly to 25° or 26° C. 

Palmnut oil contains a large proportion of esters of lower fatty acids, 
the composition of a sample analysed by Oudemans being • — 


Olein 26 6 per cent 

Stearin, palmitin, and myristin, . ... 330 „ 

Launn, capnn, caprylin, and caprom, . . . 40 4 ,, 


100 0 ,, 

It is worthy of notice that all the fatty acids of which the esters are 
said to be present contain an even number of carbon atoms The same 
remark applies to coconut oil, which has a very similar composition 
(see page 166), but usually contains a somewhat larger proportion of 
lower fatty acids Thus, the saponification-equivalent of palmnut oil 
usually is about 227, but varies somewhat with the mode of prepara- 
tion. If it be extracted from the palm-kernels by a solvent instead of 
by pressure the proportion of higher fatty acids is increased, and the 
melting point and saponification-equivalent of the product are raised 
nn proportion Palmnut oil is stated to be sometimes adulterated with 
or substituted by lard or tallow, colored with turmeric and scented 
with orris root With modified figures for the saponification-equivalent 
and distillate acidity (page 58), the method of examining coconut oil 
for such adulteiants fully applies to palmnut oil. 

The following are some analytic data from the mixed fatty acids of 
’pal uni ut oil : — 

Solidifying point (titer test), 20°-25 5° C (Lewkowitsch ) 

Melting point, 20 7°-28 5°. 

Iodine value, 12 0 

Retractive index, 1431 (Tlioerner ) 

Cacao Butter. Oil of Theobroma. 

Fiench — Beurre de cacao. German — Kakaobutter. 

(See also page 96.) This oil is expressed from the cacaonut, Theo- 
broma cacao, from which ordinary cocoa is obtained, and must not be 
confused with coconut oil from Cocos nucifera 

Cacao butter is a yellowish solid, gradually turning white on keep- 
ing. At the ordinary temperature it may be broken into fragments, 
but softens in the hand and melts in the mouth It fuses between 30° 
and 34° (larely at 29°) to a transparent yellowish liquid, which con- 
geals again at 20 5°, the temperature rising to about 27° It has an 
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agreeable odor, tastes like chocolate, and does not readily become 
rancid It dissolves in 20 parts of hot alcohol, separating almost com- 
pletely on cooling, and is also dissolved by ether and acetic ether 

Cacao buttei contains stearin, olein, and a little laurin, palmitin, 
and arachidm C, Kingzett obtained fiom cacao butter an acid of the 
formula CnH^Oj, which he named theobromic acid. 

Examination op Cacao Butter 

Cacao butter is liable to adulteration with tallow, lard, stearic acid, 
paraffin wax, coconut, almond, aiachis aud other oils. Observations of 
the melting point and specific gravity do not furnish satisfactory 
menus of detecting such admixtuies Determinations of the iodine 
number, acid numbei, and saponification -equivalent me the most satis- 
factory in detecting adulteiation The iodine number usually ranges 
between 33 and 37 5. Stiohl has found the high figuie 41 7 per cent 
The saponification-equivalent ranges fiom 278 to 292, and is usually 
about 287 That of coconut oil is about 250 Stearic acid is indi- 
cated by the mcieased acid value and paraffin wax or beeswax by 
the mcieased saponification-equivalent R Beusemanu finds the 
fatty acids hom different kinds of cacao butter to have a veiy con- 
stant melting point. When the deteimination is made in the manner 
recommended by him (page 35), they commence to nult at 18° to 50°, 
the tempeiature of perfect fusion being 51° to 53° G Tallow is said 
to be capable of detection by saturating a cotton thread with the oil, 
allowing it to burn for a short time, and then blowing it out, when the 
odor of tallow becomes perceptible 

A bettei test for tallow and other adulterants of cacao butter is to 
dissolve 2 grin of the fat m 4 grm of ether at 17° C , and then immerse 
the closely corked test-tube in ice-cold water. Granules will separate 
from puie cacao butter in not less than 3, and more frequently in from 
5 to 8 minutes, while if iallow be present a turbidity will appear 
at once oi within minutes, according to the proportion of the adul- 
terant, of which 5 per cent may thus be detected On exposing the 
solution to a temperature of 14° to 15°, it will gnulually become dear 
again if the sample was pure, but not if it was adulterated This test 
is due to Bjorkland, and is adopted m the United States Pharmaco- 
peia Its value has been confirmed by other obscrvcis, of whom Lam- 
hofer has pointed out that petroleum ether maybe employed with 
similar results, except that the cacao butter separates rather more 
slowly than from ether, the deposit being always granular, while other 
fats render the entire liquid cloudy The solution of cacao buttei m 
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two parts of ether will leinain cleat foi a whole day if maintained at 
a temperature of 12° to 15°. This modification of the test is pie- 
scribed by the Gw man Pharmacopeia, and is due to Ramsperger, who 
states that amhne may be substituted for the ether 

According to E Dietuch, a veiy reliable test for the purity of cacao 
butter consists in warming the sample with an equal quantity of “par- 
affin oil ” A drop of the mixture is placed on a slip of glass, a thin 
cover applied aud slightly pt eased down, and the slide then exposed 
for twelve hours to a tempeiature not exceeding 5° C. When then 
examined with polarised light under a magnifying power of 20 diam- 
eters, cacao butter appears ciystalhsed in a form resembling palm- 
leaves, showing a fine play of colors with selenite An addition of 10 
per cent of beef tallow causes the fat to crystallise in tufts of needles, 
which exhibit a black cross, while, if mutton tallow be the adulterant, 
it is stated that no cross can be been 
The following are analytic data from the mixed fatty acids of cacao 
butter — 

Solidifying point (titer test) 

Melting point, 

Saponifluition value 
(nigrm KHO), 

Iodine value, 

Refractive index, 

Coconut Oil, 

French— Beurre de coco German — Kocosnussol, 

(See also page 97 ) Coconut oil has the consistency of butter or 
soft lard. It is white or but slightly colored, and has a characteristic 
taste aud odor of coconut. It is liable to become rancid, and has then 
a less pleasant flavor. The melting point is variable, and the specific 
gravity at 98° to 99° C ranges from ‘866 to 874, being greater than 
that of the majonty of vegetable fats. 

Cocoriut oil has a peculiar and highly complex chemical composition. 
It is largely composed of launn, and contains even lower homologues 
(e g , capnn, capiylin, caprom), which yield acids capable of distillation 
in a current of open steam, and to some extent soluble in water (see 
pages 51 and 59); but myristin.palmitm, and stearin are also present in 
notable proportion. On the other hand, the low iodine-absorption (8 0 to 
9 5) shows that comparatively little olein or its homologues can be pres- 
ent. C R. A. Wright states that the mixed fatty acids from coconut oil 
have a mean combimug weight ranging between 196 and 204, that of 


48°-48 27° (Lewkowvtach ) 

48-53° 

180 (Thoerner ) 

32 G-39 1 

1 422 (Thoeiner ) 
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pure launc acid being 200 Tho saponification-equivalent of coconut 
oil varies from 200 to 228, the corresponding mean combining weights 
(calculated) of the mixed tatty acids ranging hum 193 7 to 214 7 Coco 
nut oil forms a soap the aqueous solution of winch is not readily pre- 
cipitated by common salt, and hence is available tor usa with se.i-watei 
The following figures have been obtained from the mixed tatty acids 
of coconut oil — 


Specific gravity at 98°-99° C 



("water at 15 5° = V), 

8354 

(Alien ) 

Solidifying point (titer test), 

21 2°-25 3° 

(LewWowitsch ) 

Melting point, 

24°-27° 


Sapomficatiou value 



(mgrin of ICHO), 

258 

(Thocrnet ) 

Iodine value, 

8 4-9 3 


Refractive index, 

1 4295 

(Thocrm r ) 

Cocouut oil is alleged to be 

liable to adulteration with suet, beef 

marrow, and other animal greases, as also v 

vith almond oil and wax. 

These would be detected by 

the reduced specific gravity at the 


temperature of boiling water, the increased saponification equivalent, 
and the reduced amount of alkali neutralised by the distillate obtained 
by Reichert’s process. Indeed, there is no addition likely to be made 
in practice, excepting that of ptilmnut oil, which, if practised m nata* 
ble proportion, would not be detected by these tests The same 
methods if used with discretion will equally serve to determine the 
approximate proportion of the adulteiant Palmnut oil cannot be de- 
tected by the above or any other satisfactory method, but as it is 
employed for the same purposes as cocouut oil, the substitution lias 
little practical importance 

Coconut Olein and Coconut Stearin are products obtained by 
submitting coconut oil to hydraulic pressuie The following figures, 
obtained in the author’s laboratory from samples furnished him by 
Price’s Patent Candle Company, show the relative physical and chemi- 


cal characters of the two products — 

Sp gravity (water at 15 5°) — 

At 98 5° C , 8710 8696 

At GO 0° C , 8959 

At 16 o° C , 92(52 Solid 

Melting point , 0 C , - 28 5 

Solidifyiug point , °C , 4'0, rising to 8 0 21 5, rising to 20'0 

Saponification equivalent, 215 217 

N 

No. of c e —alkali by Reichert's test, 5 6 3 1 
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By treatment with alcohol and animal charcoal a neutral coconut 
oil is produced, which is sold under the names “vegetable buttei,” 
“ vegetalme,” “lactine,” “ nucoline,” “laurcol,” &c. When well pre- 
paieil these are white, of about the consistency of butter, of agreeable, 
sweet flavor, and, according to Jean (J S Cl, 1891, 275), fiee f(om 
tendency to become rancid. 

Coconut oil is frequently used m the prepaiation of margarine. 

Japan Wax. 

French — Cire de japon German — Japaniscbes Wachs 

(See also page 97 ) Japan “wax” is a fat contained between the 
keinel and outer skin of the berries of several species of Rhus, the 
most important of winch is Rhus succedanea, which flourishes chiefly in 
the western provinces of Japan, and is dow also cultivated in Cali- 
fornia The crude wax forms a coaise, greenish, tallow-like mass, 
which is purified by melting, pressing through canvas, and bleaching 
in the sun. 

The purified wax is a yellowish-white, straw-yellow, or greenish- 
yellow, wax-like mas3, having a smell recalling at once that of tallow 
and of some kinds of beeswax. Under ordinary circumstances it fuses 
at 51° to 53° C., hut a recently solidified sample melts at a consider- 
ably lower temperature Its solidifying point is about 41°, the tem- 
perature rising to 48-40° m the act of solidification. The specific 
gravity at the oidmary temperature is about 990, while in a molten 
state at a temperature of 98° to 99° C it is 873 to 877, compared with 
water at 15 5° C Thus, in the solid state it agrees in specific gravity 
with the true waxes, and m the molten state it is considerably heavier 
than the true waxes or the ordinary vegetable fats. It is completely 
soluble in boiling alcohol, but is almost completely deposited on 
cooling 

Japan wax is stated to be frequently adulterated with water, with 
which it is capable of forming a sort of emulsion when agitated with 
it a little above its melting point. 

It is readily and completely saponifiable, yielding glycerol, and hence 
is distinct in constitution from tlie true waxes, which yield tuouatomic 
alcohols when saponified (page 45). It consists essentially of palrmtm, 
launn, and small amounts of steann and arachidin, with moie or less 
free palmitic and lauric acids The following figures were obtained in 
the authoi’s laboratory by the examination of three samples from 
different souices For convenience, the results yielded by a sample 
of myrtle wax aie placed in juxtaposition — 
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The specific gravity of the insoluble acids, considered in conjunction 
with their mean combining weight, renders it doubtful whether those 
fatty acids really consist of palmitic acid with more or les3 of its 
homologues, 01 of fatty acids isomeric with these. 

The mixed fatty acids of Japan wax have given the following data . — 

Specific giavity at 98° to 99° C 
(water at 15 6° = 1 ), 8 18 (Allen ) 

Solidifying point, fi3°-59 4° 

Melting point, 56°-57° (Allen 1 

The proportion of glycerol, as determined by the permanganate 
process, produced by the saponification of Japan wax i» notably in ex- 
cess of that required to foim a triglyceride of the fatty at nh present, 
and this is especially true of No. 2, the glycerol fiom which sample 
was several times determined with great caie Whether the high pro- 
portion of glycerol be real, or due to some unusual constituent winch 
renders the determination by permanganate inaccurate, has not been 
positively ascertained. 

That the constitution of Japan wax is peculiar is evident from 
the study of the products of its saponification, and is shown also by its 
high density both in the solid and liquid state, in which characters it 
differs widely from the majority of solid fats. La Wall (J S G. /, 
1897, 247), notes the adulteration of Japan wax with starch to tlio 
extent of 25 per cent. Adulteration with water is also practised The 
addition of tallow may be detected by the lowered melting point aucb 
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increased iodine absorption The iodine absorption of pure Japan 
wax ranges between 4'2 and 6'6 per cent 

Tallow 

Fiench — Suif German — Talg. 

(See also page 99 ) Tallow is commercially classed as “ beef” and 
“ mutton ” tallow, but each of these comprises the fat of other animals 
besides the ox and sheep. 

Pure tallow is white and almost tasteless, but much of that in com- 
merce has a yellow color and disagieeable rancid flavor. 

In chemical composition, tallow is very similar to lard, consisting 
essentially of a mixture of palmitic, stearin, and olein. According 
to A. Schuller, tallow can be distilled in a vacuum , if distilled with 
superheated steam it yields oleic, palmitic, and stearic acids, and 
glycerol The relative proportions of oleic and solid fatty acids yielded 
on saponification affect the value of tallow (see below). 

By pressure, a considerable portion of the olein of tallow can be 
removed, and forms a product known as “ tallow oil” (page 178), the 
solid portion constituting “ tallow stearin ” 

The following are analytic data from the mixed fatty acids of tallow — 

Beef Tallow 

Specific gravity at 100° C 

(water at 100° = 1), 8698 (Archbutt.) 

Solidiiymg point 

(titer test), 38°-46 0 , usually 43°-45° 

Melting point, 43°-47° 

Saponification value 

(nigrrn KHO), 197 2-201 0 

Iodine value, 2G-41 

Iodine value of liquid 

fatty acids, 92 2-92 4 (Wallenstein and Fmck ) 

Refractive index 1 4375 (Thoerner ) 

Oleo-Tefractometer, —40 (Jean ) 

Mutton Tallow 

Solidifying poiut 

(titer test), 40°-48°, usually 43 r -46° 

Molting point, 46°-54° 

Saponification value 

(nigrm. KHO), 210 (Thoerner ) 

Iodine value, 34 8 (Thoerner) 

Iodine value of liquid 

Refractive index, 


92 7 
1 4374 


(Wallenstein and Fmck.) 
(Thoerner ) 
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Examination of Commercial Tvli ow 

The tallow of commerce frequently con tain a a sensible prnpmlimi 
of free fatty acid, the amount of which can bo ascertained with 
accuracy by titration with standard alkali and phcnolphtlmlein, as 
described on page 105 The percentage of potassium liydi oxnle 
(KHO) required foi lieutialisatiou, when multiplied by f>, gives 
with sufficient accuracy the percentage of free acid W II Deering 
(J S Cl, 1884, 540) found that lu 24 out of 25 samples of tallow 
fiotn diffeient sources the fiee acid langed fiom 0 85 (in an Australian 
mutton tallow) to 12 20 per cent (m a Russian tallow), while one 
sample (“ town tallow ”) which had been kept in store foi six years 
contained 25 pei cent, of fice fatty acids. The free acid in 30 
samples of Austialian tallow examined by A. N Tate langed fimn 
1 20 to 4 70 per cent. Laige piopmtious of fiee acid are apt to be duo 
to the tallow being adulteiated with wool-grease acids, or stearic acid 
fiom cottonseed oil 

Tallow frequently contains more or less water, infusible matter®, 
and mineial impurities and has been occasionally' purposely adul- 
terated with st«uch, chuu clay r , whiting, barium sulphate, &c Fats 
of greater fusibility, especially bone fat, may be present, and wool 
grease acids and cottonseed “stearin” have been extensively used. 
Cakes of tallow are said to have been met with the interior of which 
consisted of mferioi fats. 

The presence of water, starch, and insoluble substances genei ally can be 
detected, and their propoition estimated, as descubed under “Lard” 
The insoluble matter present m samples of tallow representing large 
lots is usually undei 0 2 per cent., and the water rarely exceeds 1 to 
1‘5 per cent. If bone fat be pieseut, the calcium phosphate, which is 
a charactenstic constituent of it, is not separated by simple fusion, but 
will be left with any other mineral nnpuuties on iguiting the tallow in 
a muffle For the detection of calcium phosphate and other impuri- 
ties, 10 grm. of the tallow may be dissolved m carbon disulphide or 
petroleum spirit, filtered, the residue washed with a little ether, and 
dried at a moderate temperature The insoluble matter may be exam- 
ined under the microscope, when staieh, gelatinous matter, or fragments 
of tissue will be readily recognised. Starch may also be detected by boil- 
ing the lesidue with water and testing the solution with iodine Lime 
soap will be detected by warming the residue with dilute hydrochlouc 
acid, when globules of fatty acids will rise to the top of the liquid, and 
the latter, after filtration, may be neutialised and tested for calcium 
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with ammonium oxalate Any effervescence of the residue, on addition 
0/ hydrochloric acid, will piobablybe due to whiting Resin and resin 
oils, paraffin wax, coconut oil, cottonseed oil, and cottonseed stearin are 
more or less common adulteiants of tallow The quantitative reactions 
in conjunction with the special tests will usually suffice for their detec- 
tion. (Compare “Lard.”) 

Tallow which has not been washed and purified, and. which therefore 
contains particles of blood, &c , acquires a light brown color when 
agitated in a melted state with one-fifth of its measure of nitric acid 
(ap. gr. 1 38) This reaction was formerly erroneously ascribed to 
the presence of cottonseed stearin. 

The varying quality and frequent adulteration of tallow some years 
since caused the French candle-manufacturers to adopt a process of 
assaying samples for the relative proportions of oleic and solid fatty 
acids This they effect by Dalican’s method, which consists in deter- 
mining the solidifying point of the mixed fatty acids produced by 
saponifying the fat by method d, page 37 (titer test). The lowest per- 
missible solidifying point of the acids is often fixed at 44° C., corre- 
sponding to a mixture of oleic and solid fatty acids in equal proportions. 
The following table by F Dalican shows the approximate yield of solid 
fatty acids (“ steal ic acid ”) fiorn 100 parts of tallow or other fat. The 
corresponding oleio acid may be found by subtracting the percentage of 
solid acids from 95 00. 


SoLiDirviNO Solid 'Acids , 
Point, °C PLR CENT 


Solidifying Solid Acids , 
Point , 0 C per cent 


10 0 

40 5 

41 0 
41 5 


0515 
00 10 
38 00 
38 95 


42 75 

43 70 


43 5 


45 0 
45 5 
40 0 
40 5 


57 65 
68 90 


6175 
66 50 
7125 
72 20 
75 05 


Tallow has been occasionally met with which has been largely 
adulteiated with the distilled fatty acids from, wool grease, and L 
Meyer {Dingl. polyt. J., cexlvn 305) has described a sample which 
consisted almost exclusively of such fatty acids. It smelt strongly of 
wool grease, yielded only 0 2 per cent of glycerol on saponification, 
and when the aqueous solution of the soap was shaken with ether, 
and the ethereal solution separated and evaporated, a considerable 
amount of cholesterol was obtained, which gave a violet coloration 




FIXED OILS AND FATS 


173 


changing to blue when evaporated with concentrated hydrochloric 
acid and feme chloride. Meyer states flint 5 per cent of wool grease 
can he detected m tallow by this method. The fatty acids separated 
from the soap foi mod in the above process turned yellow m a few days, 
and alter seveiul months had acquued a deep orange-yellow tint 
Tallow Oil, or Tallow Olein, is obtained by submitting tallow to 
hydraulic pressuie It much resembles lard oil, but is usually of 
infenor quality. The name “tallow oil” is sometimes incorrectly 
applied to ciude oleic acid 


Lard. 

Ft euc/i— Suindoux. German— Sclimalz 

(See also page 99 ) Lard is the fat of the pig, melted and stiained 
to separate tissue and impurities The kind known as “ hladdei laid ” 
or leaf lard is usually prepaicd solely fiom the omentum ai fat 'un- 
rounding the kidneys “Keg-laid” is made fiom the fat of the 
entiie animal, and usually melts between 28° and 38° 0 , and solidifies 
between 24° and 31°; hence it melts at a lower tempeiature than 
that fiom the omentum, whuh fuses nt 42° to 45° C, and alone has 
the light to be called laid The mixed fat from the entire animal 
would be more appiopnately termed “hog-dripping," and evidently 
bears the same relation to hud proper that mutton oi beef dupping 
beais to suet. 

The Adcps piccparaius of the Buthh Phui macopeut is directed to be 
prepared fiom “ the internal fat of the abdomen of the hog, perfeitly 
fresh and is stated to melt at about 37 S° C 

By subjecting laid to a moderate tempeiatme, combined with 
hydraulic pleasure, most of the olem is separated, and forms hud oil, 
while the stearin and palmitin remain m the foim of a solid cake of 
high melting point 

The following are analytical data fiom the mixed fatty acids of 
lard — 


Specific gravity at 9S°-100“ C 
(water at 15 5° = 1), 
Solidifying point, 

Melting point, 

Iodine value, 

Iodino value of liquid 
fatty acids, 

Kofractive index, 

Oleo rofraetometer, 


817- 840 (Alien ) 

34°-4 1° 

35°-J7°. 

58-05 

J)O°-100°. 

1 4305 (Thoerner.) 

-30°. (Jean.) 
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Examination of Commercial Lard 

Sodium carbonate 13 sometimes added to the melted lard, with a view 
of whitening the product. Milk of lime, used in the proportion of 
from 2 to 5 per cent , gives a pearly white product, with which a large 
amount of water can be incorporated by stirring durmg cooling 
Potato dutch mid alum have been occasionally mixed with laid Pure 
laid is wholly fiee from taste 01 smell, and forms a perfectly clear 
liquid when melted by immersing the tube containing it in hot water 
It either lime, sodium carbonate, water, or any similar addition has 
been made, the melted fat will be more or less opaque. Adulteration 
by water seems to be less common than formerly. Its amount may be 
estimated by lieatmg 10 grni of the sample at a temperature of 
110° C until no more globules of water can be-seen and determining 
the loss in weight 

Coconut oil has been employed for adulterating lard ; arachis and 
sesame oils are said to be used. The adulteration of lard most fie- 
quently practised consists in the addition of cottonseed oil, cottonseed, 
and beef stearin Mixtures of beef stearin and cottonseed oil, con- 
taining no laid, are often sold under the name “ lard compound ” or 
“compound lard.” The presence of cottonseed stearin or coconut oil 
would be indicated by the increased specific gravity, as will be seen by 
the following figures — 



| Lam 

Coconut Oil 

CoTTONsrrD 

Specific gra\ lty at 98° to 99° C (water 
nt 15 5° C = 1) 

Specific giavity ut 100° F (nitei at 

Mdtiug point, °C 

Sapomfication-oqui valent . 
loihno-absoiption 


| 800 to 801 
| 905 to 007 
33 to 45 
280 to 202 
59 to 02 

808 to 874 

910 to 910 

20 to 28 

209 to 228 

9 

911 to 912 

32 

285 to 294 


Cuconut oil will also he detected by the Reichert test 
Arachis oil may be detected by Renard’s test (see “ Arachis Oil ”), and 
sesame oil by the furfural reaction Cottonseed oil may be detected 
by Becchi’s test, but instances have been reported in which pure lard 
(or the fatty acids from it) from pigs fed on cottonseed meal responded 
to this test. Lard that ha3 been exposed to air will also have a slight 
reducing effect on silver nitrate, and care should be taken, therefore, 
to select a sample from the interior of the mass. Halphen’s test is less 
responsive to these conditions and will be found more generally satis- 
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factoiy than Beeehi’s test The color-reaction with uitric anil is a ho 
a valuable indication of the piesencc of colton-ecd ml, but it must 
not be foigotten that some samples of puic laid given. litown coloratiou 
with this reagent. Previous heating of the oil to 240° C. lias no efitet 
on the reaction 

Determination of the iodine absorption of the liquid fatty acids 
appears to be the most reliable method of detecting the addition of 
vegetable oils and lots to lard In the case of Euiopeau lards, the 
iodine value of the liquid fatty acids vanes fiotn DO to 06, and in 
American lards it may lange from 97 to 106 If, theretoie, the iodine 
value of the liquid acids of a sample be found to lie above these 
limits, adulteration with a vegetable oil is proved ; if coconut or palm- 
kernel oil be present, the figure will be lowci See under head of 
“Liquid Fatty Acids "for the method of their separation and data 
relating to them 

Von Raumer ( Analyst , 1897, 285) calls attention to the possible 
value of Sohiff’s leagent (see vol. i, p 219) as a means of distinguish- 
ing between rancid and overheated lauls and those adulterated with 
cottonseed oil, all of which respond to Becclu’s test Five cr of the 
melted fat were shaken with 10 cc of the reagent and placed m water 
at 90° C for two oi three minutes. Fresh laid either gave no color 
at all or at most a faint rose, which disappeared m about thirty 
minutes when cold ; slightly rancid lards gave a strong color, which 
disappeared more slowly, but strongly rancid ami overheated lards 
gave a pronounced violet, which did not disapper on cooling On the 
other hand, beef stearin and beef stearin containing 30 to 40 pci cent 
of cottonseed oil showed no coloration. 

Jones ( Analyst , 1888, 170) detects the presence of cottonseed oil 
by the use of sulphur chloride, as follows The fat is melted and 5 
gun run by means of a pipette into a porcelain dish Ju«t before 
solidification 2 c.c. of a mixture of equal parts o t sulphur chloride 
and carbon disulphide are added At the time of this addition 
the mass should be well stirred and also occasionally during the 
succeeding fifteen minutes. Under this treatment genuine lard only 
thickens or may become rather stiff in three hour*, but if any con- 
siderable proportion of cottonseed oil be present the mass becomes 
quite hard in half this time Lewkowitsch has found tins method 
useful 

Cottonseed stearin remains fluid for some tune at a compaiatnely 
low temperature after being once melted, so that a sample containing 
it, when allowed to cool after fusion, does not set so solid ns at first 
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The rise of temperature with sulphuric acid, or, better, with bromine, 
will ofteu furnish useful results in the detection of cottonseed oil 
Examination in the oleo-refractonieter may also be of value 

Eor the detection of beef stearin in lard. Stock’s modification of 
Belfield’s test is the most satisfactory; it consists in comparing the 
crystals obtained from an ethereal solution with those from two 
standard sets of mixtures, the first consisting of pure lard melting at 
34° C. to 35° C , with 5, 10, 15, and 20 per cent, of beef stearin melting 
at 56° , the second of pure lard, of melting point of 39° to 40°, with 
6, 10, 15, and 20 per cent of beef steann melting at 50°. The process 
is a3 follows . The melting point of the sample is determined by the 
capillary tube method Suppose the melting point be found at 34°, 
3 e c of the melted fat are run fcto a graduated cylinder of about 25 
c c. capacity ; 21 c c. of ether are 'added, and the fat dissolved at 20° 
to 25° , 3 c c. of each of the first set of mixtures are treated in exactly 
the same way. The five cylinders are cooled down to 13°, and allowed 
to remain at that temperature for twenty-four hours An approximate 
estimate as to the amount of the adulterant is arrived at by reading off 
the apparent volume of the deposited crystals. The ether is then 
poured off as far as possible, and 10 c c of fresh ether at 13° is added 
in each case The cylinders are again shaken, cooled as before, and 
the proportion of ciystals read off as before Finally, the contents of 
the cylinders are emptied into weighed shallow beakers, the ether 
drained off caiefully, the mass allosved to dry for fifteen minutes at 
100° and weighed. The weight obtained for the sample under examina- 
tion is compared with the weight of the crystals obtained from which- 
ever of the standards comes nearest to it. The second set of mixtures 
is used for samples of higher melting point The actual presence of 
beef fat must ho proved by microscopical examination, when the 
characteristic tufts are seen. No sample of pure lard melting below 
39° yielded inoie than 0 011 grm ot crystals under the above con- 
ditions A sample of the melting point 45‘8° gave, however, 0’146 
grm of crystals 

Cochran (J. A C S., 1897, 796) finds the following method more 
delicate than the direct solution in ether. Two c.c. of the melted fat are 
mixed with 22 e.c of fusel oil and the mixture warmed to about blood 
heat, and when complete solution is effected it is allowed to cool slowly 
to 16° or 17° C and maintained at this temperature for several hours, 
during which a crystalline deposit forms. This is transferred to a 
filtei, the fusel oil drained off as far as possible, and a part or whole 
of the residue dissolved in ether in a test-tube, the mouth of the 
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tube plugged with cotton The crystals which form on standing may 
be mounted in cottonseed oil and examined under the micioseopc. 

Mineral additions will be left on igniting the lard, a little at a time, 
in a porcelain dish. Salt, alum, and other soluble mineral additions 
can also be dissolved out by agitating the melted lard with hot water, 
and identified by testing the aqueous liquid with suitable reagents. 
Lime may be detected by triturating the sample with calomel or a 
solution of mercurous nitrate, when more or less darkening will ensue 
if lime be present. Lime soap may be detected as in tallow 

The presence of gelatinous matter has been observed in lard by 
several chemists. It is probably .usually a product of the alkali 
employed in refining on the albuminous matters present; but appears 
in some cases to have been derived from Irish moss. 

Lard Oil 

When lard, especially the softer kind, is subjected to hydraulic 
pressure, it yields a considerable quantity of a fluid called " lard oil,” 
or '‘lard olem,” while the solid portion constitutes “pressed lard,” or 
“ lard stearin.” Consequently, the melting point and other characteis 
of lard oil depend much on the temperature at which the pressing is 
conducted, winter-pressed lard oil naturally containing less of the 
solid constituents of lard than that expressed at a higher tempera- 
ture. 

Lard oil consists of olein, with variable proportions of palmiliu and 
stearin. It varies in tint from light yellow to colorless, and has but 
little odor. It usually thickens at about 4° C , and becomes solid at 
— 4° C., but some samples exhibit wide departures from these limits. 
A specimen of pure winter-pressed oil examined by J Henry began 
to deposit flakes at — 8°, was thick at — 10°, and solid at — 12° C 
It did not remelt completely until the temperatuie reached -f 7 Q C 

In many of its reactions, as m its chemical composition, lard oil 
closely resembles olive oil, which it simulates in its behavior with 
nitric acid, the elaidin-test, and the temperatuie piodueed by strong 
sulphurio acid. 

Lard oil is extensively employed as a lubricant The chief adul- 
terants affect its viscosity and non-drying characters, aud therefore its 
value for lubricating Lard oil should not show any notable pro- 
portion of free acid when examined as on page 105. Lard oil is 
often employed in lighthouse aud signal lamps, and a small percent- 
age of free acid or of cottonseed oil affects, injuriously, its quality for 
these purposes. 

VOL 11—12 
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The specific giavity of hud oil is about 915, and should uot exceed 
1110 at 15 5° C If gieatei, Lhe specimen is probably adulteiated 
with fish oil, cocouut olein, oi cotton oi othei seed oil. Fish oils 
can be detected by the odor on wanning the sample, by the m- 
cieased tempeiatuie with sulphuiic acid, and by the color-reactions 
with sulphuric acid and caustic alkali; coconut olein may be lecog- 
msed by the taste and modified saponification-equivalent of the 
sample, and cotton and othei seed oils may be detected, as in olive 
oil, by the ehudin-test, and their color-ieactions with nitric acid 

Rape oil lus nearly the same specific giavity and color as some 
samples of laid oil It may be detected by the modified elaidiu 
reaction and coloi-ieaction with nitric acid , by the uicieased tem- 
peiatme developed on treating the sample with sulphuiic acid ; by the 
uicieased saponification-equivalent, and by the behavior of the sample 
when heated to about 200° C , and then allowed to cool to 30°. Lard 
oil is deodonsed by this treatment, wheieas the peculiar penetrating 
smell of l ape oil is enhanced 

Laid oil has also been adulteiated with a highly refined eai [li- 
mit oil, manufactuied in France The admixture will be indicated by 
the behavioi of the sample with nitric acid (page 86), and by the pro- 
cess det-cnbed on page 134, depending on the isolation of arachidic 
acid 

The presence of many vegetable oils in lard oils is indicated by the 
appearance of a well-defined band in the absorption-spectrum, near 
the line B. Genuine laid oil gives no absorption-bands. 

Hydiocarbons can be detected and detet mined as described on 
page 112. 

Butter-fat. 

French — Gras de beune. German — Butterfett. 

(See also page 99.) Butter-fat is the fat of nnlli or butter. When 
used without qualification the term “butter-fat” is always to be undei- 
stood as applying to the fat fiom cows’ milk, but the milk of othei 
animals yields a similai product. 

Butter-fat can be prepared direct fiom milk by rendeiing the liquid 
faintly alkaline with caustic soda, and then agitating it with ether. 
Alter standing at rest foi some time the ether separates, and can be 
removed and distilled, when the butter-fat remains. It may also be 
prepared by evaporating the milk to dryness at 100°, and exhausting 
the residue with ether or petroleum spirit. Butter-fat is, however. 
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more conveniently prepared from butter in the manner described on 
pnge»3f85. 

Butter- fat has the well-known color, taste, and smell of butter. The 
melting and solidifying points vary considerably in diffeient samples. 
According to J. Bell, the melting point usually ranges between 29 5° 
and 33 0° G , the maximum being 34 7° 1 The specific gravity is 
higher than that of the majority of fats, a fact which js of some value 
for its identification. 

Buttei-fat has a peculiar and complex composition. The character- 
istic constituent is the radicle of butyric acid, which is preseut together 
with those of certain of its higher homologues. 

Janies Bell obtained the following producta by saponifying 100 parts 
of butter-fat The fatty acids soluble in water were regarded ns 
butyric acid Those soluble in hot water only appear in the analysis 
as cnpioiC acid, &c , the combining weight being deduced from the 
amount of baiium eaibonate left on igniting their barium salts: — 

Butyric acid, . C 13 ■ 

Cipiotc, caprylic, and capnc acids, 2 Oil (mean combining weight = 130) 

Myrwtic, palmitic, and steimc acids, . . 49 16\_ gG 
Oleic acid, , . . 36 10 J 

Glycerol (calculated), . 12 54 

106 32 

The proportion of butyric acid and its immediate homologues pro- 
duced by the saponification of butter ranges between 5 and 8 per 
cent. Muter obtained, from two samples of buttei-fat, 40'4 and 34 - 8 
per cent, of oleic acid, and 47‘5 and 52 1 per cent, of mixed myristio, 
palmitic, and stearic acids. 

The proportion of glycerol produced by the saponification of butter 
was first determined m 1823 by Chevrenl, who obtained 11 85 per 
cent by direct weighing of the isolated glyceiol, and Liebsehutz has 
isolated 13 75 per cent. By oxidising the glycerol with permanganate, 
and determining the oxalic acid formed, Benedikt and Zsigmondy 
have found from 10 2 to 11 6 per cent, of glycerol to be formed by the 
saponification of butter, and the author’s figures fully confirm these. 

These analytical results show that butter-fat is essentially a mixture 
of various esters, those of butync, palmitic, aud oleic acids being the 

1 Bell’s molting points wero determined by suddenly eooling the melted fat by Im- 
mersing the platinum capsulo containing it in lco-irator. A fragment of the tat was then 
taken up on a loop of platinum wire, and gradually boated in water in close proximity to 
the oulb of un immorsed tbormomoter 
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li ailing constituent'. Helmet aiul Mi (chill obtained but very small 
pioportions of ste.mc acid, and in some easts none 

Some experiments of James Bell indicate that seveial acul-i adicles 
are piesent in the same molecule, and that butyiiu cannot be sepaiated 
by any process of fractional solution from the less soluble esteis 
Hence buttei-ldt probably contains complex esteis of the following 
type — 

( o cjr,o 
cjr, \ o Cijr^o 

( O PmH.,0 


Such a compound would yield fatty acids and glyceiol in the same 
pioportions as would be obtained from a mixture of butyiin, palmitin, 
and olein in the pioportion of their molecular weights. 

By ti eating butter with only half tlie quantity of alcoholic soda 
necessaty foi its complete saponification, and precipitating the liquid 
with watei,Bell obtained an oil which solidified at 4 4° C, and on 
saponification yielded 88 1 pei cent of insoluble acids, but no soluble 
fatty acids This result agiees with the composition of an ester of the 
following chaiactei — 


C S H U 


{ 


OH 

O C lfl H q ,0 
O C ia H aj O. 


It is to be regretted that no determination of the glycerol was made. 

The tieatment of butter-fat with a pioportion of alcoholic potash or 
soda insufficient for its complete saponification results lii the formation 
of ethyl butyi ate (butync ether), C 2 H 5 O C^HjO, and it has been shown 
by Fox and Wanklyn ( Analyst , vn 73) that the quantity produced 
undei favoiable conditions corresponds to 3} paits of butyric acid for 
100 of buttei-fat. 

The fat fiom the buttei of ewes’ and goats’ milk is veiy similar to 
that fiom cows’ milk, but the esters of caproic and capnc acids bear a 
larger propoi tion to the butyrm present than is the case with cows’ 
butter 1 The following figuies by E Schmitt show the relative com- 
position of butter fat fiom the thiee somces — 

i A sample of milk fium the porpoise has boon examined by Purdie, who found it to 
contum 45'8 pu cent, of fnt A small quantity ot tills poipoiso butter was, at his own 
request, submittal to the writor, who, on examining it by Reichert’s method, obtained a 
distillate having an acidity corresponding to 1 57 pci cent of vulerlo noul, whioh was 
proved to bo tbo chief volatile fatty and piesent It is ouiuius that tho butter from the 
milk of a inarmo mammal should contain tho cAor of valerio acid, C 6 II 10 O 2 , as Its oliaiao- 
tonstio constituent, while in tho butter fiom the milk of terrestrial mammals radioles of 
fatty acids oontofning an even number of oarbon-atoms appear to bo almost exclusively 
present 
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Cowb’ Milk 

Cows' Milk 

Goats’ Milk 

Ewes' Milk 

Molting point, °C (by method 
c, pngo 37) 

36 5 

36 5 

33 6 

37 5 

Volatile and soluble fatty acids, 1 
por cent (in terms of butyrioj 

4 45 

4'15 

4 60 

4 77 

Fixed and insoluble fatty acids, 
per cent , , 

88 57 

8015 

84 40 

85 25 

» melting pomt 

39 8 

40 0 

38-8 

40 5 


By long exposure to light, butter fat becomes completely bleached 
and notably alteied in chemical composition. A specimen examined 
by P. Yieth gave 87 37 per cent, of insoluble fatty acids when fresh, 
■while after exposure to diffused daylight foi twelve mouths only 85 09 
per cent, was obtained. 

The peculiar characters and chemical composition of butter fat 
render its recognition easy. The subject is discussed at length in con- 
nection with the detection of adulterations of commercial butter 
The following are the results of examination of the mixed acids 
from butter-fat: — 


Solidifying point, 
Melting point, 
Saponification i nine 
(nigrm KHO), 
Iodine value, 

Heat of bromination. 
Refractive index, 


33°-38° C (Thoerner ) 

38°-46° C 

210-220 (Thoerner ) 

2S-31, (Thoerner.) 

0 2 (Holiner and Mitchell ) 

1 437-1 439 (Thoerner ) 


Butter 

The general characters of butter are well known. It consists of a 
mixture of about 80 to 90 per cent, of butter-fat, with variable propor- 
tions of water, curd, and salt. Coloring matter is often added, and 
carbonate of sodium is sometimes employed to prevent rancidity. 

Iu its ordinary state, butter readily becomes rancid, butyric acid 
being amongst the most prominent products of the change. Pure 
butter-fat is comparatively little liable to change. 

Butter was formerly subject to numeious adulterations, some of 
which are of a very apocryphal nature Starch, flour, soluble glass, 
&c , are among the doubtful sophistications Lard, tallow, dripping, 
and other animal and vegetable fats were formerly extensively era- 
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ployed ; but of hue years by far the most extensive sophistication of 
butter has been an admixtuie with, or complete substitution by, the 
factitious butter now so largely m anti fact uied and sold under the name 
“margarine” Excessive propoi turns of salt and water are occasion- 
ally met with, and coloring and Unvoting mgiedients are also used 

] Valet is best determined by placing 5 gim 01 some other known 
weight of the butter m a small taied beakei, and exposing it m an 
air-bath to a tempeiature of 105° to 110° C until no moie globules of 
water can be obseived on looking at the beakei from below The lo-s 
of weight undeigone by the sample shows the amount of watei in the 
quantity taken. Generally the water can be completely expelled m 
about one lioui. The propoition of water nonnally piescnt m buttei 
is from S to 12 pei cent Sixteen pei cent, may be regaided as the 
maximum piopoition in good, well-made butter. James Bell, how- 
evei, obtained fiom 117 samples of butter collected in various paita of 
the kingdom, and asserted by him to be genuine, propoitions of watei 
vaiying from 415 to 20 75 per cent, the mean of the whole being 
14 2 per cen^ 

Curd aud salt are most conveniently determined in the quantity of 
butter winch has served for the estimation of the water The fat is 
re-melted and filtered into a small tared beakei, kept m a warm place. 
The residual matter is rinsed on to the filter with petroleum spirit, 
redistilled at a temperature below 80° C, aud washed with hot 
petroleum spirit till free fiom fat The filter is then dried at 100° C , 
aud the coutents scraped off and weighed After weighing, the residue, 
winch represents the curd and salt of the butter, may be examined 
under the microscope foi starch, cellular tissue, &c, and then, if 
desired, treated with cold water, and the solution fuither examined, 
Usually, however, it is sufficient to ignite the residue in porcelain at a 
low temperature, and regard the non-volatile matter as salt, the com- 
bustible as curd It is evident that if a more minute examination be 
considered necessary, it will be well to operate on a laigei quantity of 
the sample 

The proportion of salt normally pieseut m buttei varies from 0 5 to 
5 or 6 per cent. Any higher pioportion may be consideied excessive, 
and to some extent suspicious It is not possible to fix a limit for the 
amount of salt a sample of “fiesh butter” should contain, as the pio- 
portion in butter called by that name vanes consideiably with the 
locality The propoi tion of curd, except in rare ca=es, does, not exceed 
1 or 2 per cent 

Fatty matte)' m butter may be determined indiiectly by subti acting 
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the bum of the percentages of water, cuul, and salt fiom 100 00 It 
may be estimated dueetly by evnpoiatnig oil’ the peti oleum spirit fnnn 
the filtrate fiom the cuid and salt, and adding the weight of the n- 
sidual fat to that of the mam quantity. It is not desirable to mix the 
filtrate and washings together, as the last traces of the solvent sue 
volatilised with difficulty if the quantity of fat is considerable 

The official methods of tlic A 0 A C for the analysis of hatter aie n- 
tallows — 

Pi i pm ation of the Smnpk — It 1 uge quantities oJ butter are to bo sampled, a 
buttei tiler or sampler may bo used The portions thus di inn, about 50(1 gun , 
aie to he peifectly melted m a closed vessel at as low a temperature os possible, 
and when melted the whole is to he shaken -violently lot some minutes till the 
mass is homogeneous and sufficiently solidified to prt vent the svpu vlion ol the 
water and lat A pm t ion is then poured into the \osmI from which it la to he 
w cighed fm analysis, and should nenly or quite till it Tins s miple should he 
kept m a cold place till analysed 

Deli) munition of Vie Wiitu — Fiuin 1 5 to ‘3 !i gun no lined to constant weight 
at the tempuature oi boil mg watei, in a dish with Hat bottom, having a surface 
of at least 20 squaie eeutimeties The use of tie in, dly •> iml oi ,r fiestas with 
the butter is admissible, and is mccssary if i ilisli with round bottom lie em- 
ployed 

Ditu munition of Vie Put —The diy fiutti r from the witir ih termination is 
dissolved in the dish with absolute ether oi with petioleum elfin of 7(1° The 
contents of the dish arc then tiausleired (o a weighed (inn h’s nucible with tile 
aid oi a wash-bottle filled with the* solvmt, and ire washed till free fiom fat 
The ciucible and contents are heated at the tempri iture ol Iioilmg water till the 
w eight is constant Tim weight of tat is nlculated from the data obtained 

The 1 it may also bo determined by drying the butler mi asbestos or sand, and 
exhorting by anhydrous alcohol tree ether Altai evaporation of the other Uie 
extinct is heated to constant weight at the tempci.ilnre ot hulling w iter and 
w.eighed 

Dl Vi mutation of the Casein, A<h, nml Vhhn me —The crucible containing the 
residue from the fill determination is coined and heated, gently at first, gradu- 
ally raising the temperature to pist below redness The eovei may then ho 
removed and the heat continued till the eonti ills of the ei uciblc ni e white The 
loss in weight ol the crucible and contents represents c isnn, nml tin residue in 
the crucible, mineral mutter In tins nnm i il mattei dissolved in vv iter slight! y 
acidulated with nitric acid, chlorine may lie determined giavmn tucally with 
silver nitrate, or, after neutralisation with eihiliiii e nhonate, volumctritslh , 
using potassium ihromnte aa indicator 

Dctei munition of Vie Vail — Weigh in a eoimtarpoi rd beaker tiom fi b> Mgini 
of the butter Hie butter is plated m portions ot about 1 gnu at a time in 
the beaker, these poitions being taken fiom diflerclit, p iris of the simple lint 
vv iter (about 20 c c ) is now added to tlm beaker, and alter the butter lias 
melted, the liquid is poured into the bulb of a separating ftmnel The stopper 
is inserted and the contents shaken for a few moments Atter standing until 
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the fat has all collected on top of tho water, the stop cock is opened and the 
water is allowed to run into an Erlenmeyer flask, being carelul to let none of 
the fat-globules pass Hot water is again added to the beakei, and the extinc- 
tion is repeated from ten to fifteen times, using ench time from 10 to 20 c c ot 
water The resulting washings contain all hut a mere trace ot the salt ongi- 
nally present in the liuttei The chlorine is determined a oluinetucally m the 
filtrate by means of standard wlici nitrate and potassium chromate indicator 
and calculated to sodium chloiule 

The minimum limit foimeily suggested by the Society of Public 
Analysts fox the fat m butter was 80 per cent , thus allowing 20 per 
cent, for water, cuid, and salt 

Coloring matters of vanous kinds are added to buttei. Among the 
substances employed for the puipose, E Schmitt enumerates mangold 
and carthamus flowers, saffron, can ot juice, and turmeric; more re 
cently the coal-tar colois, coralline-yellow and victona-yellow, aie 
said to have been used, as also lead chromate. " Carottine ” is appa- 
rently a solution of 1 part of annotta in 4 parts of oil, the aunotta 
being partly replaced by turmenc for the lightei shades “Oiantia” 
is a solution of aunotta and sodium carbonate in water. 

Coal-tar colors, either Soudan I or closely analogous bodies, are now 
extensively employed ns butter colois They are insoluble in water, 
but freely soluble in fats 

For the detection of foieign coloring matters in butter, Martin’s test 
will be found very satisfactory Dissolve 2 paits of carbon disulphide 
in 15 parts of alcohol by adding the former in small portions and 
shaking gently. 25 c c. of this mixture aie placed in a convenient 
tube, 5 grm of the butter-flit added, and the tube shaken. The 
carbon disulphide falls to the bottom, carrying with it the fatty matter, 
while any artificial coloring matter remains in the alcohol. The sepa- 
ration takes place m flora one to thiee minutes. If the amount of 
coloring matter is small, more of the flit may be used If the alcoholic 
solution he evaporated to dryness and the residue treated with concen- 
trated sulphuric acid, annotta will be indicated by the production of a 
greenish-blue color. The production of a pink tint will indicate a 
coal-tar color of the Soudan group. The normal coloring matter of 
butter is not soluble m alcohol. 

Margarine. Detection of Foreign Fats in Butter 

As already stated, by far the most common adulteration of butter 
now practised is that of the addition of, or entire replacement of the 
true butter by, foreign fats. Formerly the sophistication consisted in 
actually incorporating with the butter more or less lard, dripping. 
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tallow, or similar fat, but of late years the adulteration has been gen- 
erally conducted in a far more scientific and less objectionable manner 

Various factitious bullets or butler substitutes are now extensively 
manufactured and sold under the names of oleomargarine, or margarine. 
The former is the legal title in the United States for all butter substi- 
tutes , the latter is the legal title m England and several other coun- 
tries For the manufacture of these factitious butters the fat is usually 
carefully selected, and brought to a proper consistency by removing 
the less fusible portion by hydraulic pressure, or increasing the propor- 
tion of olein by adding sesame, arachis, or cottonseed oil The fat is 
then usually incorporated with milk and salt, and colored with annotta, 
&c , and sometimes more or less real butter is also added. A small 
amouut of glucose is now often added. It is stated also, that hutyric 
acid and certain butyrates have been employed in order to produce a 
still closer mutation of true butter. Among the fats known to be suc- 
cessfully employed are’ — the more fusible portions of mutton- and 
beef-fat, lard; cottonseed oil , sesame oil, arachis oil , palm oil, and 
purified coconut oil Horse-fat, bone fat, aud waste grease arc also 
said to be used. 

As a rule, the butter substitutes now manufactured are excellent imi- 
tations of butter and valuable articles of food They differ, however, 
from real butter in certain important respects, aud should not be sold 
without due acknowledgment of their nature 

The recognition of foreign fats in butter is dependent on the pecu- 
liar constitution of true butter-fat, and hence it is invariably necessary 
first to separate the water, cuid, salt, &c., and obtain the fatty matter 
of the sample in a condition fit for further examination For this pur- 
pose it is desirable to employ about 50 grm of the sample. About this 
quantity should be placed m a dry beaker and exposed to a moderate 
temperature (50° to 60° C) until the whole has melted and the water 
and curd have settled to the bottom of the vessel. This will be induced 
more rapidly by careful stilling, so as to cause the curd to adhere to 
the sides of the beaker. The clear fat is then poured on a dry warns 
(ribbed) filter, and kept in a warm place until about 30 c c. of filti.Ue 
are collected m a dry beaker If the filtrate be not perfectly clear, it 
must be re-filtered after further careful heating. The fat should bo 
kept as short a time as possible in a molten state, and tho temperature 
should not be allowed to exceed 70° C., as otherwise the specific grav- 
ity and certain other characters of the fat may be seriously affected 1 

1 Inattention to tho nbovo essential eonditions has led to serious errors It was nut 
improbably tbo cause of the Somerset House chemists declaring a sumplu to bo ^enumu 
butter when the vendors had admitted the said sample to be factitious 
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The fatty matter of the buttei being thus isolated, its physical and 
chemical chaiacteig may be investigated 

Numeions methods of examining butter for foreign fats have been 
devised, but many aie wholly woithless for then intended purpose 
unless the sophistication be of the gross chaiactei which is now almost 
obsolete. Thus the melting or solidifying point of the fat is no longer 
an indication of value, as margarine fat is carefully adjusted to about 
the same fusibility as butter. The observation of well-defined, double- 
lefractmg crystals under the microscope is now well understood to sig- 
nify nothing but that the fat in question has undergone fusion and 
subsequent solidification. 

The following is a description of those methods of examining butter 
foi foreign fats which considerable expenence has shown the author to 
be thoioughly reliable. — 

The specific giavity of the molten fat is a valuable critenon of its 
natuie The test was originally suggested by James Bell, who showed 
that melted buttei-fat was sensibly denser than laid and margaiine 
Bell took the specific giavity of the fat at 100° F. (37 8° C ), by 
means of a specific gravity bottle furnished with a thermometer, and 
his figuies express the specific giavity of the fat at the temperatuie of 
the experiment compaied with water at 100° F. Expressed in this 
way, the specific giavity of pure butter- fat was found by Muter to 
range fiom ‘9105 to 9138, being raiely below 9110 The author’s 
experience of a large number of samples examined by this method 
practically confirms this lesult. 

The following figuies show specific gravities observed in butter-fat 
and its substitutes at a temperature of 100° F. (37 8° C.), water at the 
same temperature being taken as unity • — 



J Bi-ll 

J Mutub 

A II Allen 

Buttei -fat. 

•9094 to 9140 

9105 to 913S 

9099 to 9132 

Mnrgaune . 

9014 to 9039 

•903 to 900 

902 to OOo 

Dripping 

•9010 to 0040 

904 to 907 | 


Lard . . . 

•9038 

904 to 005 


Suot . .. 

•0028 to -0037 




The determination of the specific gravity of fats at 100° F by 
means of a gravity-bottle may be advantageously replaced by the 
method suggested by C. Estcourt, who recommended that the determi- 
nation should be made at the temperature of boiling water by means of 
a Westphal balance. The mode of operating employed by the writer 
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is fully descnbed on pages 20 and 30 and leaves mailing to Ue desired 
Ou lefeience to the tables on pages 31 and 32 it will be seen that 
melted palm oil, tallow, laid, and niaigaune aie sensibly lighter than 
Imltei-fat, coconut oil, or cottonseed oil The limits of speedic giavity 
foi butter-fat and maigauno met with in pi act ice aie as follows — 

15utter-fat, 807 to fi'O 1 

Maigwine, . 8 r jM to 8o’> 1 ^ 1 

The aveiage specific giavity of Imttei-fat at OU 0 is 868, and that ol’ 
marganne 861. Adnnxtuie of cottonseed oil will iucieasc the specific 
gravity of margaiine, but theie is of course a piactieul limit to the 
employment of this as an ingredient ofiutifici.il butter Coconut 
oil would readily laise the specific giavity of a sample to tint of 
butter fat, but it would be detected on application of otlm tests 
It will be seen, therefoie, that the detei munition of the specific 
gravity of the molten fat, if conducted under proper conditions, aflbuls 
a useful indication of the purity of buttci, and «i means of roughly 
estimating the proportion of the foreign fat contained iti adultciated 
samples 

By long-keeping, buttei becomes so changed that the specific gravity 
of the fat is woithless as an indication of its purity 
Although the determination of the specific giavity of butter- fat is 
useful as a preliminary test, the indication, when taken alone, is not 
sufficiently reliable to justify the positive condemnation of a sample as 
adulterated, or even to piove it to be appioxirantely genuine For 
moie definite information, the following methods must he employed — 
The behavior of a sample of supposed buttei -fat with glacial acetic 
acid (see also page 40) affoids a valuable indication of its nature. It 
is snuply necessary to pour 3 c c of the melted fat into a email test- 
tube, add an exactly equal racasuic of glacial acetic acid, and immerse 
the tube in boiling water, or heat the contents ovei a small flame till 
complete admixture takes place on agitation The liquid is then 
allowed to cool spontaneously, while stirred with the lmlb of a ther- 
mometer, and the temperature at winch it becomes tin hid is duly 
noted. A number of samples of butter-fat recently examined in the 
iiuthoi’s laboratory showed fairly corresponding tuibidity-teinpeiatures, 
the lange for fifteen samples being only between 56° and 61 5° C. On 
the other hand, seven samples of marganne gave solutions in acetic 
acid which became turbid between 98° and 100° C. 

A valuable method of examining butter-fat is the determination of 
the volatile fatty acids by Reichert’s distillation process, as described 
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on page 58 As there stated, the value of its indications has been fully 
confirmed. There is no fat liable to be employed foi the adulteration 
of butter which at all simulates the behavior of butter-fat when 
examined by Reichert’s process 1 Even coconut oil, which resembles 
butter-fat in specific gravity, solubility in acetic acid, and saponification- 
equivalent, gives little more than one-foui th of the volatile and 
soluble fatty acids yielded by butter-fat If the absence of any con- 
siderable proportion of coconut oil is proved by the specific giavity 
of the sample not exceeding the limit for margaiine, the proportiofi 
of foreign fat to butter-fat is indicated louglily by the results of 
Reichert’s test Meissl’s modification employing 5 grm of the fat has 
been very geneially adopted, find the figuies furnished by it are about 
2 2 times the Reicheit value 

Considerable variation in the Reichert-Meissl value has been noted 
in the butter of different countries The lowest values are found in 
Italian butteis, the minimum for which has been fixed at 20. In 
England, France, and Gcimany the minimum value has been fixed at 
24, and in Sweden at 23 

Values consideiably below the limit of 24 have occasionally been 
found in English butters of known purity, thus, Vieth found figures 
from 20 4 to 21 4 in butter made from the milk of a particular Eng- 
lish farm. Such low values are exceptional, and it is more usual to 
find them in the butter obtained from the milk of a single cow 

If the Leffmann-Beam method of saponification be adopted, the 
figures are generally about 0 7 less than the above, due mainly to less 
interference of carbon dioxide. 

The saponification- eq uivalm t of butter-fat ranges from 241 to 253, the 
average being about 247. The figures for coconut and palmnut oils 
vary between 209 and 228, while the usual other adulterants have 
equivalents exceeding 277 and averaging about 285 

Although the caieful examination of buttei fat by the foregoing 
methods will almost invariably lead to the detection of any notable 
proportion of foieign fats, it is often important to obtain such further 
information as is affoided by determinations of the relative proportions 
of soluble and insoluble fatty acids yielded on saponification. As 
stated on page 45 ct seq., ordinary fats, consisting of mixtures of 
palmiUn, stearin, and olein, yield on sapomficatiom fully 95 per cent 
of fatty acids, of which all but a small fiaction will be insoluble in 

1 Butyno and anil a> hfm'd bulynn, suspected to ba sometimes added to buttoi- 
substitutes, might be dotcotod by treating the fat with a linlltad quantity of alcohol, and 
examining the resultant solution by Reichert's method 
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watei Butter fat, oil the other hand, owing to its containing i.idn h s 
of butync and othoi of the lowei fatty n< i<l ., yields on “api.mtn .unm 
fatty acids winch consist to n notable extent of hu hue and and other 
fatty acids soluble in water The tatty a<uK insoluble in water ran ire 
from S6 5 to about 8‘) pails for evuy I Of) of butter-lat taken, while tin 
soluble fatty acids, as deteimmed by their unitialising power, isnge 
fioru 4 5 to neaily 7 per ceut. Associated with the butync and ai< 
highci hoiuologues, biicli ns cnpioic acid, having a very liiuind 
solubility in watei, and therefore only separated with difficulty fiom 
the tiue insoluble acids. Therefme, if the amount of soluble fatty 
acids be determined by titrating the aqueous solution with standard 
alkali, the volume of noimal solution required being calculated to its 
equivalent of butyric acid, the result obtained i« below the true amount , 
owing to the caproic acid, &e., being regarded ns but) lie acid, which 
latter acid 1ms a lowei combining weight This fact may be borne in 
miud, but has no practical influence ou the re-ults 

The examination of batter-fat by the dcici initiation of the insoluble 
fatty acids was first suggested by Mi-ms. Angell and Ilehner, but the 
original process has been gieatly improved by Turner, Jones, and other 
chemists, and by Muter, who devised a process for detei mining the 
soluble fatty acids The following details of operating are those which 
in the authoi’s experience aie most salndaetoiy. The utmost caie is 
necessary throughout the analysis — 

Before commencing the opeiation, the following standaul solutions 
must be prepared . — 

(a) Dissolve 14 grm. of good stick-potash in 500 c.c. of rectified 
spirit, or methylated spirit which has been redistilled with caustic 
alkali, and allow the liquid to stand till clear. This solution will be 
approximately seminoimal 

(b) A standard hydrochloric or sulphuric acid of api ... xnn.itely 
semiuomml strength. 

(c) Accurately prepared decinormal “odium hydroxide Each 10 
c.c. contains '0040 grm. of NaliO, and neutralises 008 3 gun of 
butync acid, C t Ii B 0.. 

A quantity of the buttci-fat (separated from water, curd, and salt, 
as described on page 185) is melted m a small beaker, a small glass iod 
introduced, and the whole allowed to cool and then weighed It is re- 
melted, stirred thoroughly, and about 5 grm. poured into a stioug 200 
c c. bottle. The exact weight of fat taken is ascertained by re- weighing 
the beaker containing the residual fat 

By means of a fast delivering pipette, 50 c c measure of the alcoholic 
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potash (solution a) is run into the bottle, and the pipette drained 
exactly 30 seconds. At the same time, another quantity of 50 c.c is 
measured off in an exactly similar manner into an empty flask. 

The bottle is fitted with an india-rubber stopper, which is tightly 
wired down, and is placed in the water-oven, and fiom time to time 
lemoved and agitated, avoiding contact between the liquid and the 
stopper. In about half an hour, the liquid will appear perfectly 
homogeneous, and when this is the case the saponification is com 
plete and the bottle may he removed When sufficiently cool, the 
stopper is removed and the contents of the bottle rinsed with boiling 
water into a flask of about 250" cc capacity, which is placed over a 
steam bath, together with the flask containing meiely alcoholic potash, 
until the fileohol has evaporated 

Into each of the two flasks is now run about 1 c c more serainorma 
acid (solution b) than is required to neutialise the alkali, and the 
quantity used accuiately noted The flask containing the decomposed 
buttei-fat ib nearly filled with boiling water, a cork with a long upright 
tube fitted to it, and the whole allowed to stand on the water-bath until 
the separated fatty acids form a clear stratum on the surface of the 
liquid When this occuis, the flask and contents are allowed to become 
perfectly cold 

Meanwhile, the blank experiment is completed by carefully titrating 
the contents of the flask with the decinormal soda, a few drops of an 
alcoholic solution of phenolphthalein being added to indicate the point 
of neutrality 

The fatty acids having quite solidified, the resultant cake is detached 
by gently agitating the flask, so as to allow the liquid to be poured out, 
but avoiding fracture of the cake. The liquid is passed through a filter 
to catch any flakes of fatty acid, and is collected in a capacious flask. 
If any genuine buttei be contained in the sample, the filtiate will have 
a marked odor of butyric acid, especially on warming 

Boiling water is next poured into the flask containing the fatty acids, 
a cork and long glass tube attached, and the liquid cautiously heated 
till it begins to boil, when the flask is removed and strongly agitated 
till the melted fatty acids form a sort of emulsion with the water 
When the fatty acids have again separated as an oily layer, the contents 
of the flask should be thoioughly cooled, the cake of fatty acids de- 
tached, and the liquid filtered as before. Thu process of alternate 
washing in the flask by agitation with boiling water, followed by cool- 
ing, and filtration of the wash-water, is repeated three times, the 
washings being added to the first filtrate It is often difficult to get 



riXED OILS AND FATS. 191 

the washings free ftom acid, but when the operation is judged to he 
complete, the washings may be collected separately and titrated with 
decinoimal soda If the amount required for neutralisation does not 
exceed 0 2 c c , further washing of the fatty acids is unnecessary. 

The mixed washings and filtrate are next made up to 1000 c c., or 
some other definite measure, and an aliquot part caiefully titrated with 
decmormal soda (solution c). The volume lequired is calculated to 
the whole liquid The number so obtained represents the measure of 
decinoimal soda neutralised by the soluble fatty acids of tho butter fat 
taken, plus that corresponding to the excess of standard acid used. 
This last will have been previously ascertained by the blank experi- 
ment The amount of soda employed m this is deducted from the 
total amount requned by the buttei-fat quantity, when the difference 
is the number of cubic centimeti*e3 of standaid soda corresponding to 
the soluble fatty acids This volume multiplied by the factor 0 0038 
gives the butyric acid in the weight of buttei fat employed. 

The flask containing the cake of insoluble fatty acids is thoroughly 
drained and then placed on the watei-bath to melt the contents, which 
are poured as completely as possible into the (wet) filter through which 
the aqueous liquid was previously parsed. The fatty acids are then 
washed on the filter with boiling water to remove the last traces of 
spaungly soluble acids Thefilter is then placed m a small dry beaker 
and treated in the manner described on page 51, tho mam quautity of 
fatty acids and the supplementary portion subsequently dissolved out 
of the flask and filter being weighed separately 
When it is only requned to deteimine the insoluble acids of Imtter- 
fat, the foregoing tedious mode of operating may he avoided by 
diluting the soap solution obtained by saponifying 5 grin, of the fat 
till it measures about 300 c c. The largo excess of alkali is then 
neutralised by cautious addition of hydrochloric acid, and the hot sol u- 
tion tieated with a slight excess of barium chloride or magucsium 
sulphate. The precipitated barium or magnesium soap is well washed 
with hot water, and then rinsed off the filter into a separator, wheie it 
is decomposed by dilute hydiochlonc acid The resultant layer of 
insoluble fatty acids is washed by agitation several tunes with warm 
water, and is then treated as directed on page 51. 

In the analysis of butter-fat, the sum of the insoluble fatty acids by 
weight and of the soluble fatty acids calculated as butyrio acid should 
always amount to fully 94 per cent, of the fat taken. In the author's 
own experience, the sum more frequently approaches or even exceeds 
95 per cent , especially if the butter be adulterated 
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The soluble fatty acids, calculated as butyric acid, should amount to 
at least 5 per ceut , auy notably smaller proportion being probably due 
to adulteration. The insoluble fatty acids from genuine butter-fat 
rarely exceed 88 5 per cent., occasionally reaching 89 pei cent , but a 
sample ought scarcely to be regarded as certainly adulterated unless 
the insoluble acids exceed 89 5 per cent. As a standard for calcula- 
tion, 88 per cent, of insoluble acids may be legarded as a fair average, 
the soluble acids being taken at 5'5 per cent. 

By long keeping, butter undergoes change in a very variable manner- 
Thus, when butter-fat is kept exposed to light for a long time, the 
proportion of insoluble fatty acids is decreased (see page 181), but 
when ordinary butter is kept, more or less fermentation occurs with 
development of fungi. With some samples the change is veiy slight, 
while in other cases the butter loses its characteristics, and the compo- 
sition of the fat is more or less ohanged, the percentage of insoluble 
acids being increased. The following figures are due to J. Bell . — 

Insoluble acids , original butter 
„ after keeping, 

„ dtflerence, . 

Length of time kept, in weeks, 

The upper part of a sample of butter, kept for six years in an 
opaque, loosely-closed jar, was found by Yieth to be extensively attacked 
by fungi, and to yield 90 - 9 per cent, of insoluble fatty acids. 

Tallow, lard, and most vegetable oils contain distinct traces of 
substances yielding soluble fatty acids on saponification, the propor- 
tions preseut corresponding to 01 to 05 per cent, of butyric acid ; 
while coconut aud palmnut oils yield notable quantities of soluble or 
volatile fatty acids. The acids of coconut oil soluble in water are 
chiefly caproic and capric, and hence if the neutralised solution 
of the fatty acids be concentrated, acidulated, distilled, and the distil- 
late neutralised by barium hydroxide (seepage 50), the barium salts 
obtained will have a composition pointing to a notably higher combin- 
ing weight for the soluble fatty acids than when butter-fat is similarly 
treated. 

The bromine- and iodine-absorptions of butter-fat differ materially 
from the corresponding figures for margarine, but the distinction 
is not so sharp as in the case of the processes already described. A 
judiciously made mixture of coconut oil and animal fat wpuld give an 
iodine- or bromine-absorption similar to that of butter-fat 

Considerable use is made of refractometrla examination of butter. 




FIXED OILS AND TAT3. 


especially for the rapid sorting of numbers of samples. Various 
forms of instruments are employed, but the indications furnished by 
all of these must be checked by other methods 

Amagat and Jean’s oleo-refractometer and Zeiss’ butyro-refracto- 
meter have found most favor by reason of their handiness and the 
facility in the manipulation entailed. 

Jean prepares the sample for examination in the oleo-refractometer 
as follows : Melt from 25 to 30 grin of butter in a porcelain dish at a 
temperature not exceeding 50° C. ; stir well with a pinch or two of 
gypsum and allow to settle out at the same temperature Then decant 
the supernatant fat through a hot-water funnel plugged with cotton- 
wool, and pour it while warm into the prism of the apparatus Stir 
with the thermometer until the fat has cooled to 45° 0 , and observe 
the deviation. Ether must not be used for the solvent, as minute 
tiaces of it seriously influence the result. 

Genuine butter usually gives a deviation of 29 to 31. Pearmam 
has found in fifteen samples a maximum of 34 and a minimum of 25. 
The following are some observations made by Jean and Pearmain — 


Fat 

Degrees 

Obslrvee 

Margarine, No 1 

—13 to —18 

Pern main 

„ No 2 

—17 


Butter with 10 per cent of No 2 

—28 


„ „ 20 „ „ 



» „ so „ „ 

—26 



—23 


Cotton steai m 

—20 


Neutral coconut oil . , 

—69 



—8 to —14 

Peaimmn 


—15 to —18 


Cottonseed oil . , 

+ 17 to +23 


Araohis oil . 

+ 6 to + 7 



De Bruy n has obsei ved deviation as low ns — 21 in butters having the 
normal amount of volatile fatty acids Jean states that such abnormal 
values were found only when the cow had been fed upon linseed' cake. 

A Birailar cause of error arises from the fact that the coloring 
matter added to butter is sometimes dissolved in a small quantity of 
cottonseed oi other vegetable oil. It must be borne in mind, also, 
that a mixture of margarine and coconut oil may be prepared, hav- 
ing exactly the same deviation as that of genuine butter. 

It is evident, from a study of the data furnished by tbe foregoing 
methods, that the Reichert process is by far the most reliable means 
of detecting adulteration In cases in which the Reichert-Meissl 
VOL II —13 
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value does not exceed the lowest limit of 24, it is difficult and usually 
impossible to detennine with ceitainty whether the sample is 01 is not 
adulteinted Determination of the saponification number and specific 
gravity and examination in the oleo-refiactometer may aid in some 
instances 

Neatsfoot Oil. 

(See also page 98 ) Neatsfoot oil is obtained by boiling tbe feet of 
oxen in water till all the oil rises to the surface The commercial oil 
is often piepaied fiom the feet of sheep and hoises Neatsfoot oil is 
yellow, odoiless, and of bland taste. It deposits solid fat on standing. 
It does not readily become rancid and is highly esteemed foi lubri- 
cating It is laigelj adulterated with bone oil, fish, seed and mineral 
oils Tbe specific giavity at 15'6° usually ranges from '914 to 916, 
some samples prepared by Coste and Pairy (see below) gave slighter 
lngliei figures. Taken at 98°-99° C. and compared to watei at 15 5° 
a sample examined by the author had a specific gravity of 8619. 
The iodine number of neatsfoot oil langes from 66 to 72, and its 
determination will often aid in detecting adulteration. The use m 
temperature with sulphuiic acid is also of value for the same purpose , 
Jeau obseived a rise of 77°-78° (see also below). Mineral oils are 
detected by a deteimination of the unsapomfiable matter. The follow- 
ing aie some results obtained by T H. Coste and E. J. Parry fiom the 
examination of two samples of oil prepared in tbe laboratory . — 



I- 


Specific gravity J — . . . . 

01G9 

■0174 

Temperature rise and sulphuric acid (equal vols ) 1 

58° 

06° 

Viscosity at 110° F (Redwood’s) . 

70 soo 


„ „ 200° F (viscosimeter) 

43 seo 




72 4 

Percentage of KIIO lor s ipouilieatior. 

10 60 

19 74 

Free aoid (KIIO required) 


0 07 

Insoluble fatty acids (Hthnoi’s method) 

05 3 

95 5 


Tbe mixed fatty acids from the above gave tbe following figures . — 



r 


Speoific gravity 

Percentage of KHO for neutralisation 

Moan combining weight 

Molting point .... 

8742 

20 12 & 

270 

29 2 

8800 

758 

20-06 

280 

28 5 
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The solidifying point (titer test) of a sample examined by Lew- 
kowitsch was 26 1-26 5° 


Egg Oil. 

The oil of egg is obtained from the yolk of hard-boiled eggs 
either by pressure or by solvents. Data have been furnished by 
several observers Column A shows the results obtained by Paladino 
and Toso ( Analyst , 1896, 161) from the oil extracted by moderate 
heating and pressure. Results in column B were given by Kitt from 
oil obtained by ether-extraction • — 


Specific gravity, 
Saponification-equivalent, 
Iodine nnnibei, . 
Keicliert-Meissl number, 
Glycerol, per cent , 
Cholesterol, per cent , 
Melting point, 

Solidifying point, 


0 9156 (at 20°) 
300-303 
81 2- 81 6 


22 0°-22 5° 
8 0°-10 0° 


0 9144 (at 15°) 
294 9 (mean) 

721 
04 
10 4 

1 6 


Mixed Fatty Acids 

Melting point, . . . .34 5°-35 0° 36 0°-39’0° 

Saponification number (mean), . . 194 9 

Iodine number (mean), . 73 7 


Codliver Oil. 

French — Huile de foie de morue German — Leberthran. 

(See also pages 100 and 122 ) Strictly speaking, codliver oil is the oil 
obtained from the liver of the cod, Gadus viorrhua. Other species of 
Gadus and of the Gadidce family, such as the ling, cod-fish, dorse, 
hake, haddock, and whiting, yield a closely analogous oil 

Several qualities of codliver oil are recognised m commerce : — pale, 
used only in medicine; light brown, an after-yield, of inferior quality, 
but still largely used m medicine, and dark brown, or tanners’ oil, 
obtained by roughly boiling down the livers remaining from the fore- 
going processes. 

The purest codliver oil has a pale yellow color, and is never quite 
colorless unless artificially bleached. It is limpid, has a slight odor 
and taste, and a faint acid reaction If prepared at a high tempera- 
ture, or if the livers be allowed to partially putrefy, the acid reaction 
is more decided and the color pale or dark brown, the darkest 
varieties being transparent only in thin layers, and having a repulsive, 
fishy odor, and bitterish acid taste. 
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The following aie the physical characteristics of different qualities 
of codliver oil, accoiding to DeJongh: — 



1st Quality 

2ni> Quality 

8bd Quality 

Coloi , 

Golden yellow 

Palo brown 

B.vrlv brown , 
greenish by 
transmitted 

Specific gra\ lty at 17 5° C 

Behavior when cooled to — 13° C j 

023 

Donosits solid 
fat 

924 

J ‘°“020 
Deposits no 
solid fat 

Parts of absolute alcohol requmd { 
for solution * « Cold j i 

„ „ „ Boiling 

40 

22-30 

31-36 

13 

17-20 

17-20 


The composition of codliver oil is very complex 01enr*Sppears 
to be absent. Besides palmitm and stearin, Heyeidahl noted the pres- 
ence of 20 per cent, of jecolic acid and 20 per cent, of therapic acid. 
The author has also observed the presence of a sensible quantity of 
cholestenn and of volatile fatty acids The latter, however, appear 
to be secondary products, due to putrefactive changes in the liveis. 
The best oils prepaied by the use of steam aie fiee from volatile acids. 
Gaduic acid was obtained by Luck from the deposit from a light- 
blown. oil, and, when recrystallised from hot alcohol, melted between 
63° and 64° 

The following bases have been isolated from codliver oil • butyl- 
amine, isoainylamiue, hexylamme, dehydrolutidme, morrliuine, and 
aselhne Trimethylamme, derived probably from the decomposition 
of the liver tissue, has also been detected. 

The presence of biliary compounds, as stated by earlier investiga- 
tors, is now denied 

Codliver oil contains traces of iodine, and sometimes of bromine, 
but the form m which these elements exists is unknown. The propor- 
tion of iodine, judging from the statements of different investigator, 
is very variable. The question has been reinvestigated by E. C. 
Stanford, who found the proportion of iodine to be extremely 
minute, ranging from 138 to '434 mgim. per 100 grra , with an 
average of 322 The proportion in the flesh of dry cod-fish and her- 
rings is considerably larger than m codliver oil. It is impossible to 
attribute the medicinal value of codliver oil to the trace of iodine 
present, its chief recommendation for medicinal use is probably the- 
facility with which it is digested and assimilated. 
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The following are analytical results obtained from the mixed fatty 
acids of codliver oil — 


Solidifying point (titer test), 
Medicinal, 

Coast cod, 

Norwegian, 

Dark uniacked, 

Melting point, 

Saponification value 
(mgrm KHO), 

Iodine value, 

Refractive index, 


17 5°- 18 4° C 

18 T- 19'3° 
13 3°- 13 9° 
22 5°- 24 3° 
21° - 25° 


204-207 
130-170 
1 4521 


(Lewkowitscti ) 


(Tlioerner ) 


Examination of Codliver Oil 

Codliver oil to which iodine or compounds of iodine have been pur- 
posely added is now employed in medicine. These additions are dis- 
solved on agitating the oil with alcohol, and can be detected in the 
spuituous solution by the usual tests The ash left on igniting natural 
codlivei oil contains no trace of iodine, but if an iodide has been added 
it will be found iu the incombustible residue The usual proportion of 
iodine in iodised codliver oil is about 0T per cent. 

A ferrated codliver oil is also employed, containing about 1 per 
cent of ferrous oleate 

Good medicinal codliver oil should deposit no stearin at 0° C. 
(. Pharm Germ ), but a granular crystalline deposit is often produced 
on cooling oils of the lower qualities 

The British Pharmacopeia describes codliver oil as pale yellow, with 
a slight fishy odoi, and a bland, fishy taste. It states that it is the oil 
extracted from the fresh liver of the cod, Gadus morrhua, without 
giving any test by winch it can be distinguished from allied oils 

As previously stated, the “ codliver oil ” of commerce is in practice 
obtained from several members of the Gadidce, or cod family ; and, as 
long as it is produced from these fish solely, little exception can be 
taken. The livers of various other fish are, however, apt to be em- 
ployed, and the detection of the substitution is very difficult. 

According to Salkowski, a good codliver oil should not have a higher 
Reichert value than 0 20. A higher figure would indicate that the 
oil had been prepared from livers that had undergone putrefaetion. 
The iodine absorption is also a useful criterion of the quality of a cod- 
iver oil, those obtained from decayed livers showing lower values. 
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Coloration with Nitro-sulphuric Acid J 


AT IB 0° C 

Boforo stirring 

After stirring 

Codliver 

9200 

Violet, quiokly be- 
coming rose-i od 

Kose-red, changing 
to light brown 

Hako-liver 

9270 

Dark violet, ohang- 
lug to dark brown 

changing to light 

Skato-livor . . 

| 

9327 

Ligbt violet, chang- 

changing to brown 

Shark-hvoi - 

9280 

Liglit brown, with 
spots of red 

Light brown, becom- 

Herring 

9126 


Darker brown 


9284 

Light brown 

Huohaugod 

Seal , 

9245 

Light brown 

Lomon-ycllow, rapid- 
ly oh an g in g to 
omorald-gi een and 
bluish green 

Whale 

9301 

Light brown 

Darker 


The specifio gravity of codliver oil varies from '922 to 930 at 15 5°, 
the daiker varieties being geneially the heaviest. The oil from 
fish allied to the cod is sometimes of a slightly higher specific gravity. 
Thus, that prepared m Gnmsby from a mixture of the livers of cod, 
haddock, ling, and whiting, has a specifio gravity of ‘930, while the 
product obtained m Aberdeen from haddock livers has a specific 
gravity of 931, is somewhat less viscous, and develops more heat with 
sulphuric acid than the other varieties of codliver oil 

Samples of codliver and other fish oils prepared by the Normal 
Company, Aberdeen, were found in the author’s laboratory to have 
the specific gravities stated in the table on the preceding page, and to 
give the colorations described when two drops of a mixture of equal 
measures of concentiated sulphuric and nitric acids were added to 20 
drops of the oil, on a white surface. From the figures it is evideut 
that the specific giavity affords no reliable indication of the presence 
of other fish oils in codlivei oil 

Codliver oil is lemarkable for the great increase of temperature 
produced by tieating it with sulphune acid (page 77), and for its high 
lodine-absoiption These characters distinguish it fiom most other 
oils except liver oils 

Codliver oil gives a fine violet coloration, or a dark red spot with 
violet stieaks, when treated with strong sulphuric acid as described 
on page 85 The color subsequently changes to reddish brown The 
reaction is distinctly produced by codliver oil, but is common, with 
modifications, to all liver oils. 
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Tor the detection of other liver oik in codliver oil, M Boudaid 
employs pure fuming nitric acid, which is said to produce a beautiful 
rose-red coloration with pure oils, hut not with mixed oils H Meyer 
proposes to distinguish the oil from the liver of the true cod from that 
yielded by allied fishes by mixing 10 parts of the sample with 1 of a 
raixtuie of equal parts of strong sulphuric and nitric acids (compare 
table on page 196) Codliver oil turns a fiery rose, changing quickly 
to a lemon-yellow. The oil from the “ haakjaernng ” also turns 
to a rose, but changes to a brownish violet The oils fiom other 
Gadidce give a yellow color of less puie tone than is yielded by true 
cod oil Od from the French roach gives a chestnut-brown colora- 
tion, while the oil from the Mediterranean roach turns a dark violet. 
M Cailletet employs a mixture of 12 parts of phosphoric acid of 
1 44, 7 of strong sulphuric acid of 1’84, and 10 of nitric acid of 1 37 
specific gravity , 1 c.c. of this mixture is agitated for some seconds 
with 5 c c of the oil, and then 5 c c. of petroleum spirit added to dis- 
solve the oil, Codliver oil shows after twenty-four hours a well-defined 
yellow color. All other fish oils give a marked brown tint, except 
ray liver oil, which invariably takes a red color The last-named adul- 
terant is said to be very common, and is difficult of detection 

Excessive amount of unsapouifiable matter may point to adultera- 
tion either by mineral oil or shark-liver oil. 

Befined seal oil lias been extensively used as an adulterant of cod 
liver oil According to J. L. Bossier, codliver oil gives with aqua- 
regia a dark greenish-yellow liniment, which becomes brown in half 
an hour, while white seal oil, or a mixture of equal parts of seal and 
cod oils, gives merely a pale yellow liniment. The presence of seal 
oil may be inferred from the altered figures obtained on determining 
the saponification-equivalent, bromine-absorption, and rise of tempera- 
ture with sulphuric acid A factitious codliver oil, composed of 30 
per cent of white seal oil and 70 per cent, of Japanese fish oil, has 
been described by Krieger. 

Most seed oils can be detected in codliver oil by their peculiar 
absorption spectra, the spectrum of codliver oil being almost identi- 
cal with that of almond oil Almond oil itself, as also the moie prob- 
able adulterant, lard oil, would be detected by the diminished specific 
gravity and iodine-absorption of the sample, and by its altered 
behavior with sulphuric and nitrous acids. 

Bay liver Oil, obtained from the Raja batis, has been pi oposed 
as a substitute for codliver oil. It is bright or golden yellow in color, 
has a specific gravity of ‘928, is neutral m reaction, and has a slightly 
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fishy odor and taste. It darkens but little under the influence of 
chlorine, and is said to give an odor of valeric acid when heated with 
a solution of caustic alkali 

Shark-liver Oil. Skmk Oil. 

French — Huile de requin German — Haifiacholj Haileberthrau. 

(See also pages 100 and 122) The shark oil known in commerce 
is chiefly obtained fiom the liver of the backing shaik or sunfish 
(Sgualus maumus), chiefly caught off the coast of Norway, hut the 
dogfish and seveial allied fish also contribute to it 

Shaik oil has been, laigely employed in tanneiies and as a substitute 
for codliver oil, but in England it is now almost disused. 

Owing to frequent adulteration, the physical and chemical diame- 
ters of sh.uk oil have been misstated by many authorities Thus it is 
commonly alleged to be of very low specific gravity, a character in 
all probability really due to the presence of a large propoition of 
mmeial oil oi sunilai adulterant, which addition caused the saponified 
sample to yield laige ethei -residue (page 114) Whether or not these 
oils of low specific giavity weie umfoimly adulterated is no longer of 
much piactical interest, as oil of such character is not now to be met 
with. The “shark oil” usually indicated 40° to 42' 1 on Casartelh’s 
oleometei, and the analogous “African fish oil” 48° to 50° (see foot- 
note, p. 204). 

The author lias examined a number of specimens of shaik-liver oil 
which theie is reason to believe genuine. Whilst throwing doubt on 
older statements, the lesults show that shark oil is peculiar m yielding 
a very notable pioportion of unsaponifiable matter, consisting in great 
part of cliolesteiol. If the sample be saponified m the usual way, and 
the aqueous solution of the soap agitated with ether, the separated 
ethereal layer leaves on evaporation a nearly colorless crystalline mass, 
which, if dissolved in boding alcohol, deposits abundant plates of 
cholesterol, which yield the chaiacteristic coloi -reactions 

The following lesults were obtained in the author’s laboratory by 
the analysis of six specimens of apparently genuine shark-hver 
oil — 
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Specific gravity at 15 5° C 

9200 

9185 

9285 

•0143 

9130 

0113 

Pei centime of KHO required 

17 73 

16 aa 

19 70 

153 

IPO 
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316 4 

330 8 

2S3 9 

360 9 

400 0 

'100 0 

Ether-residue, per cent . 

2 82 

8 70 

0 70 

10 25 

17-30 

1031 
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With concentrated sulphuric acid Nos 1 and 3 samples gave a red- 
dish-brown spot with violet edges, the whole changing on stirring to 
reddish brown Nos. 2, 4, 5, and 6 agreed in giving a bright-violet 
spot changing to blood-red ; on stirring, the whole became a magnifi- 
cent violet color, changing rapidly to dark led and brown. 

The ether-residues from these samples, varying from 0 7 to 17'3 per 
cent , were highly crystalline, and chiefly composed of cholesterol. 
The vanations in the specific gravity of the samples follow closely the 
proportions of ether-residue If the percentage of potash he calculated 
on 100 parts of the oil actually saponified, and not on 100 parts of the 
sample including the unsapouifiable matter, the propoition is found to 
range fiom 17 0 to 19 6 per cent , and the corresponding saponification- 
equivalents from 330 to about 282 

It is of interest to compare these results with those obtained by the 
analysis of samples of presumably adulteiated shark oil * — 
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The ether-residue was geneially of a hriglit-yellow color like the 
original oil, remained quite cleai on cooling, and volatilised somewhat 
readily. A further examination was made of the ether-residue fiom 
sample B, which was free from nitiogen and nearly free from oxygen. 
It gave when heated an unmistakable odor of pine resin; and appealed 
to be a mixture of light rosin oil with shale or petroleum lubricating 
oil. With concentrated sulphuric acid, B gave a reddish-brown 
coloration, becoming darker on stirring. 

Whale Oil. Train Oil. 

French — Huile de baleine. German — Tbran 

(See also pages 100 and 122 ) The product known in commeice as 
whale oil is derived fiom the blubber of various members of the 
whale tiibe The Greenland or “light” whale (Balccna mysticeius) 
is the chief of these. It inhabits the polar seas of both hemispheres, 
and yields the product properly termed “tram oil,” though that term 
is now extended to the oil from the blubber of any marine mammals, 
including seals. The polar whale (B. gladalis), the humpback whale 
(. Balmnoptera hoops), and the finner ( Balcenoptera Gibbar) also inhabit 
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the northern seas, while the Cape whale (Balcena, antarctica), the 
black whale (Balwna auah alis), and a number of allied species aie 
found 111 the southern The oils from the different species of porpoise 
present a strong lesetnblanee to ordinary whale oil, while, on the other 
hand, the oils flora the cachelot and doegling, and probably from othei 
toothed cetaceans, are essentially different both in their chemical con- 
stitution and practical applications, and hence are described in anotliei 
section (page 204). The oil is usually extracted hy boiling the blub 
hei with water, and skimming the oil from uie aqueous liquid and 
refuse tissue. 

Whale ml is ordinarily a brown or bio windi-yellow liquid, having a 
rnaiked and offensive “fishy” smell a i nd taste, but by suitable tieat- 
ment these peculiarities can be greatly reduced When subjected to 
cold some vaneties of whale oil readily deposit pulmitin, which is 
sometimes used foi soap making, though the odor of the pioduct indi- 
cates its origin 

The chemical constitution of whale oil is very vatiable Some 
varieties, especially the southern product known in commeice as Bahia 
whale oil, exhibit strongly-maiked drying piopeities Some specimens 
of whale oil are neaily free fiom esteis of lower fatty acids, while in 
others these aie piesont m veiy notable piopoition The most char- 
acteristic and abundant of these is valcuu, and the veiy vanable 
proportion which may be present is indicated by the figures on page 
59, showing the behavior of the saponified oil when acidulated and 
distilled Other figuies indicating the comparative constitution of the 
oils from manne mammals are given on page 122. 

Observations on the mixed fatty acids of whale oil have been made 


as follows — 



Specilie gravity at 100° C 

(water at 100°= 1), 

8922 

(Aicbbntt ) 

Solidifying point (titer test), 

22 9°-23 9° 

(Lewkowitsch ) 

Melting point, 

27° 

(,Tean ) 



(Schweitzei and Lungwitz ) 

Iodine absorption, 

3 JO 3-132 


Whale oil is little liable 

to adulteration, except with seal oil and 

kydiocarbon oils, the presence of hydroeaibop oil can be detected and 

the proportion determined a: 

3 described on 

page 112 


Porpoise Oil. 

French — ITuile de marsouin. German — Meerschweinol 
(See also pages 100 and 122 ) Commercial porpoise oil is derived 
not only from the black porpoise ( Delphian -s phoemna ), usually caught 
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off the const of Denmark and in the Mediterranean and Black 
Sea near Trebizond, but also largely from the white whale ( Beluga 
aatodon ), caught in the White Sea, the St Lawrence, and on vanous 
parts of the Canadian coast The oiIb from the giumpua (Phoctena 
orca) and the various species known as black fish, especially Glubi 
eephalus macrot hynous, also rank as “ porpoise oil ” 

Porpoise oil is prepaied in much the same manner as whale oil. In 
some instances, oil of a supenoi quality diams from the blubber at 
the oul inary temperatuie, but the greater pait is obtained by boiling 
the tissue with water In the case of the cetacean last named a vei y 
fine, limpid pioduct termed “melon oil,” used foi lubncating delicate 
mechanisms, is obtained fiorn the head It is piobably analogous to 
sperm oil 

Poi poise oil presents a geneial reserablauce to whale oil, but is 
usually less offensive. It has consideiable diyuig tendencies, and by 
keeping and exposure inci eases notably in specific gravity A sample 
examined by the author had onginally a specific gravity of 920, but 
after keeping for three years two portions of the same oil pieserved 
under different conditions had 1 elective specific gravities of '926 and 
932. 

Porpoise oil is remarkable for containing a considerable proportion 
of valenn A sample examined in the author’s laboratory yielded 
5 06 per cent, of volatile fatty acids, having a mean combining weight 
of 104 7 (O 6 H 10 O 3 = 102). Chevreul, who was the original discoverer 
of valeric acid, which he isolated from porpoise oil and called “ pho- 
cenic acid,” prepared barium salts of volatile fatty acids equivalent to 
9 63 per cent, of valeric acid, so that the composition of the oil is 
evidently very variable. Prom a sample of dolphin oil (from Delphi mis 
globiceps), Chevieul prepared barium salts corresponding to 20 6 per 
cent, of valeric acid, besides a considerable pioportion of speimaceti 
Hence dolphin oil appears to be intermediate in composition between 
sperm oil and porpoise oil. 

Owing to its peculiarity of constitution, porpoise oil has a low 
saponification-equivalent (255-256) and gives a very acid distillate 
by Reichert’s test (page 69) It is saponified with gieat facility 
even by aqueous potash, the product being colored reddish biovvn. 
With the elaidin-test porpoise oil gives but little solid elaidm. Othei 
characters ai e given on page 100. 

Moore obtained a Reichert value of 66 and Steinbuch a Reichert- 
Meissl value of 131 6 for porpoise-] aw oil Samples of porpoise-jaw 
oil also gave iodine absorptions of from 30 9 to 76 8 per cent 
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Sperm Oil. 

French — Huile do caclielot. Get man — Wallrathol 

(See also pages 101 and 122 ) Spenn oil proper is obtained from the 
head-cavities and blubber of the cachelot or sperm whale ( Physeter 
maeroeephalus ) Several other of the toothed whales yield allied 
products, and the oil from one of these, namely, the doegling, or 
bottlenose whale, is known under the name of “Arctic sperm oil " 

Sperm oil on cooling readily deposits crystalline scales of spermaceti. 
This is removed by filtration, but unless the operation be conducted 
at a very low temperature a portion of the wax is liable to remain in 
solution 

Speim oil is a thin yellow liquid, and when of good quality is 
neaily free from odor Inferior specimens have an unpleasant fishy 
smell and taste Its specific gravity is very low, ranging between 
875 and '884 at 15 5° C. 1 

Spei in oil is one of the most valuable oils in commerce It has 
been found preferable to any other oil for lubricating the spindles of 
cotton and woollen, mills, and for light machinery geneially. 

Speim oil owes its value as a lubricant largely to its having little or 
no tendency to gum or become rancid, and to the comparatively slight 
change in viscosity produced by an increase of temperature 

If the oils from the allied toothed cetaceans be excepted, sperm oil 
has a unique constitution, since it consists essentially of esters of higher 
members of the methyl senes. 

Some indication of the peculiar composition of sperm oil was given 
in 1823 by Chevieul Chevreul’s observation seems to have been 
wholly forgotten until the author some years since called attention to 
the unique constitution of sperm oil. 

Speim oil gives on saponification products very different from those 
yielded by ordinary oils When saponified with potassium hydroxide 
it forms potassium oleate and dodecatyl alcohol and some allied bodies. 
By agitating the aqueous solution of the resultant soap with ether, the 
higher alcohols are dissolved, and may be recovered by evaporating 
the solvent. The fatty acids may be isolated by acidulating the soap 
solution Very little glyceiol can be isolated after saponification, 
though the presence of a small proportion is indicated by the perman- 
ganate method 

1 Dealers in spenn and similar oils commonly use a special hydrometer, devised by 
Casartolli, on tho scale of which water is 0°, and rape oil 28° Sperm oil stands at 44° 
to 40° and southern whale oil atahont 24° on the same scale. 
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The higher alcohols, isolated in the above manner, form a pale 
yellow solid semi-crystalline substance, the melting point of which 
depends on the completeness with which the oil had been previously 
purified from spetmaceti. They are insoluble in watei, but readily 
soluble in alcohol and ether, and are volatile apparently without 
change in a vacuum, condensing as a perfectly colorless liquid, of ‘830 
specific gravity at 100° C , which solidifies on cooling to a crystalline 
mass. The ether-residue from sperm oil is apparently a mixture of 
homologous alcohols, some specimens having given the author, on 
combustion, figures corresponding approximately to the formula 
C l5 II 3 ,0, and otheis to C 12 H 28 0. Probably both these alcohols, 
together with varying piopoitions of their homologues, are actually 
present 

The fatty acids from sperm oil have all the characters of an acid of 
the oleic series mixed with one of the steanc series. They are liquid, 
or nearly so, when cold, have a specific gravity of 899 at 15 5° C., 
are readily solidified by nitrous acid, and have a mean combining 
weight ranging from 281 to 294 

Lewkowitsch has found their solidifying point (titer test) to be 
11 1°-11'9°, and the iodine absoiptionsfiom 83 2 to 85 6 per cent. 

Examination of Commercial Sperm Oil 

The peculiar physical characters and chemical constitution of sperm 
oil afford ample means for its detection and determination in presence 
f of other oils This is important, as the high price of sperm oil renders 
it liable to be mixed with oi leplaced by other oils 

Adulterants of sperm oil, with the exception of bottlenose oil, may 
be detected by a careful application of the following tests • — 

The specific gravity of speim oil averages '878, and never exceeds 
‘884 If lower than the lattei figuiethe possible adulterants of the 
sample are hydrocarbons and shark oil, the latter itself largely adul- 
terated with liydrocaibon oil 

The viscosity of the sample should be compared with that of a gen- 
uine specimen (see “ Viscosity ”) The obsei vation should be made at 
three temperatures at least, 15° C., 50° C., and 100° C. being suitable. 
Any admixture will be shown by the more rapid change in the Vis- 
cosity of the sample by increase of temperature. At the ordinary 
tempeiature, sperm oil has a lower viscosity than any other non 
drying fixed oil. 

The determination of the saponification-equivalent of the sample 
furnishes a valuable means of detecting fatty oils. As 100 parts of 
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sperm oil neutralise only flora 12 3 to 147 parts of potassium hy- 
droxide, while nearly all other oils require from 17 0 to 19 7 pnrts, 
the proportion of foreign fatty oil in sperm may bo approximately 
ascertained by the equation — 

F = (P — 13 2) X 18 5, 

in which P is the percentage of potassium hydroxide required to 
saponify the sample, and F is the peicentage of foreign oil. 

The nature and dctei initiation of the saponification-products afford 
the most satisfactoiy means of detecting adulterations of speini oil, 
which, when genuine, yields flora 60 to 63 pei cent of insoluble fatty 
acids, and 39 to 41 5 pei cent of ethei-iesidue consisting of higher 
alcohols. No other animal or vegetable oil except shark-liver oil, and 
oils from allied Cetacea ( e g , bottlenose oil), is known to yield more 
than 2 per cent, to etliei, and, with few exceptions (eg , porpoise oil 
and some vmieties of whale oil), all other fixed oils yield fully 95 per 
cent, of insoluble fatty acids, and fiom 10 to 12 per cent, of glyc- 
erol Hence, in a case of adulteiation of speim oil with any other 
fatty oil, estimation of the ether-residue will detect the admixture and 
determine the piopoition. Thus, puie speim oil yielding an almost 
q gustant nronoi tion of 40 per .cent, of ether-iesidiie. a .m ixture con- 
sisting of equal paits of sperm and some other oil, will give but 20 
per cent, of lesidue. In other woids, the percentage of real sperm 
oil m the Bample may be ascei tamed with considerable accuracy by 
multiplying the percentage of ether-iesidue by 2 5. Some specimens %, 
of shaik-liver oil yield a considerable propoition of ether-residue, and 
hence if shark oil be present the ether process will be rendered inac- 
curate. Genuine shaik-hver oil lias a comparatively high specific 
gravity, ’911 to ‘929, and 1ms a veiy high halogen-absorption, besides 
giving a well-marked violet coloration and gieat increase of tempera- 
ture with strong sulphuric acid. 

The foregoing process, if used without discietion, would fail in the 
case of a mixtuie of mineial oil and a fatty oil in ceitain proportions, 
but a caieful consideiation of the results and further examination of 
the pioducts will allow of such a mixture being readily distinguished 
from speim oil Thus from an inspection of the figures in the follow- 
ing table it appeals that while the saponification-products yielded by 
sperm oil would be approximately simulated by those given by a judi- 
cious mixture of mineral oil with rape oil, in the latter ease the sum 
of the fatty acids and ether-residue would be several units less than 
100, and theie would be a notable proportion of glycerol produced. 
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Besides, the ether-residue would be insoluble m cold rectified spirit, 
and to obtain a mixture of the same specific gravity as sperm oil, so 
very light a mineral oil would require to be used that it would neces- 
sarily be liquid, even at 0° C., and would have so low a flashing point 
that it could without difficulty be detected m, and even distilled out 
of, the Original oil or the ether-residue Sperm oil does not flash 
below 260° C 
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The color-reaction with sulphuric acid (page 85) is often a useful 
test for the punty of sperm oil. The genuine oil gives a brown col- 
oration, becoming Bomewhat darker with a tinge of violet on stirring 
Shark-liver oil gives a well marked violet color when tested in the 
same manner, the tint changing to red or reddish-biown on stirring. 

Dcegling Oil Bottlenose Oil 

(See also page 101.) Several species of toothed cetaceans yield an 
oil analogous to that obtained from tliecachelot or sperm whale The 
chief of these in economic importance is the product from the doegling 
or bottlenose whale (Hypet oodon loshaius), 1 which is known m com- 
merce as “ Aictic sperm oil ” 

Bottlenose oil deposits more or less spermaceti when cooled, but the 
yield is not nearly as large as that obtained from the head-matter and 
oil of the sperm whale, though of good quality and high melting point. 
Bottlenose oil often has a more oi less unpleasant odor, but this 
peculiaiity, together with the small propoition of free acid present in 
the crude oil, can be removed to a gieat extent by agitation with a 
solution of sodium carbonate, oi by analogous treatment. The refined 
oil is straw yellow 

1 Tlicio has been much oonfusion respecting the bottlenose, at least eight different 
whales and dolphins having been designated by that name 
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The chemical constitution of doegling oil was first pointed out by 
Scharhng ( Jour f. Prad Chen., 1848), who found it to consist essen- 
tially of the ester of a higher monatomic alcohol, dodecatyl dosglate, 
CijHas-CioHaiA, and hence to yield on saponification dodecatyl alcohol 
and dffiglie acid Further investigation on this point is desirable 

Dodecatyl alcohol, CloH 25 OH, has been described under sperm oil. 
The crude product obtained from bottlenosc oil by the writer, by 
agitating the aqueous solution of the saponified oil with ether and 
separating and evaporating the ethereal solution, has similai char- 
acters to the product obtained in a similar manner from sperm oil. 
The colorless alcohol, or mixture of homologous alcohols, obtained by 
distilling the ether residue m vocuq, was found by the author to melt 
at 19° 0 , and to have an ultimate composition agreeing closely with 
the formula Ci 2 ff J0 O The uudistilled portion had a higher melting 
point, 

Dceglic acid, CisH 38 0j, is the next higher homologue of oleic acid, 
which body it closely resembles It is liquid at ordinary tempera- 
tures, and is converted into solid doeglaidic acid by treatment with 
nitrous acid Specimens of fatty acids prepared by the author from 
several specimens of bottlenose oil have been found to have a specific 
gravity of 896, their combining weights ranging from 275 to 294. 
An acid with 19 caibon atoms would have a molecular weight of 296, 
while that of oleic acid is 282. 

Bottlenose oil presents the closest resemblance to sperm oil. In its 
specific gravity ( 876 to 881), viscosity, solubility m acetic acid, 
saponification-equivalent, and behavior with strong sulphuric acid 
and the elaidm-test, it presents no tangible difference from sperm oil. 
On saponification it yields from 6l to 65 per cent of fatty acids, and 
from 37 to 41 pei cent, of ether-residue, in this respect simulating true 
sperm oil in the closest manner. Lewkowitsch gives figures for the 
mixed fatty acids as follows Solidifying point (titer test), 8 3°- 
8 6°; melting point, 10*3°-10 8° ; and iodine absorption, 82 2-83 3 
per cent. The only differences observed by the author in the course 
of ti series of very careful comparative examinations of sperm and 
dcegling oils have been the slight tendency of the latter to gum oi 
thicken on exposure, and the somewhat higher melting point of the 
fatty acids from 9perm oil In commerce the two oils aie distinguished- 
by their taste. 
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Spermaceti. 

French — GVitine, blanc de baleine German — Wallrath 
(See also table on p 102 ). Spermaceti exists m solution in the 
ojl from the sperm whale, bottlenose whale, dolphin, and allied 
cetaceans, but not in the oil from the whalebone whales It is 
present most abundantly in the oil fiom the head cavities, and is 
commonly stated to be a special product thereof This is tin error, the 
oil from the blubber also depositing spermaceti on cooling, and m 
practice the head and blubbei oils are treated together 
Crude spermaceti forms crystalline scales of a yellowish or brownish 
color. It is puufied by fusion, pressure, and boiling with a solution 
of potash, to lemove adhenng oil and neutialise traces of acid. In 
practice, the complete leraoval of the oil is not aimed at, as a small pro- 
poition is found to confei desuable piopeities on the pioduct It is 
then re-melted and cast into cakes 
As thus obtained, spermaceti is a snow-white or transparent body of 
marked crystalline stiucture It fuses at 43° to 49° C 1 The specific 
gravity at the ordinaiy temperature is commonly between 942 and 
'946, but varying statements aie made, probably owing to difficulty 
attending the determination, in consequence of crystalline structure 
of the substance. Much more reliable determinations can be made of 
the specific gravity in the molten condition, which ranges between 
•808 and 812 at a tempeiatuie of 98° to 99° C 
Spermaceti is insoluble m water, but dissolves in .boiling alcohol, 
ether, chloroform, carbon disulphide, and fixed and volatile oils. Cold 
alcohol dissolves the adhering oil only Fiom its solution in hot 
alcohol or ether it separates in crystalline foim, and, after repeated 
purification in this manner, the melting point reaches to 53 5° C., and 
Ihe crystals consist of puie cetin 

Cetin or Cetyl Palmitate, C ia H 33 0 Cj S H 31 0, is the chief con- 
stituent of spermaceti, which, in addition, contains certain homologous 
ethers. Thus, on saponification it yields — 




Alcohol i 


Myristic, 

Palmitic, 

Stearic, 


c,.h 2 a 


CisE^h 


Lethal, or dodecatyl alcohol, C l2 H 20 O 
Metbal, or tetradecyl alcohol, C,(H ot O 
Etlial, or cetyl alcohol, C| 6 II 3 ,0 2 

Stethal, or octadecyl alcohol, C 1B H 38 0, 


. i The figure commonly stated as tho melting point of spermaceti really refers to the 
solidilying point as determined by the titer test The spermaceti from bottlenose oil 
melts at a sensibly higber temperature than tbat from true sperm oil 
VOL. IL— 14 
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Cetyi, Alcohol, Ci JI 3J Oil, may be obtained m a state of approx- 
imate purity by saponifying spermaceti previously crystallised fiom 
hot alcohol On cvapoiation of its ethereal solution, cetyl alcohol 
remains as a white 01 yellowish white, tasteless, odoi less, ciystalline 
mass, melting at 49 5° C "When carefully heated it distils without 
decomposition at about 400° C, and is volatile with the vapor of 
water. It is quite insoluble in water, but leadily soluble in alcohol, 
ether, and petroleum spint 

When heated with potash-lime to a temperature of 250° to 280° C , 
cetyl alcohol is converted into potassium palimtate, with evolution of 
hydrogen 

' Cetyl alcohol heated with glacial acetic acid forms eetyl acetate, 
CioH 3 3 C.IIjO-, a crystalline body melting at 22° to 23°, and boiling 
at 200° under a pressure of 15 millimetres. 

The proportion of potassium hydioxide rcquiied for the saponifica- 
tion of spermaceti is about 12 8 per cent, conesponding to a saponifi- 
cation-equivalent of 438 The molecular weight of cetyl palmitnte is 
480, and hence these figures point to the presence of a notable pio- 
portion of lower homologues of palmitic acid, such as have been 
proved by other means to exist in spermaceti. 

On saponification, agitation of the aqueous solution of the resultant 
soap with ether, and subsequent decomposition of the soap solution 
with an acid, the author found a sample of speimaceti to yield — 

Higher alcohols, molting at 47 5° C , 51 48 per cent 

I’.itty aeuls, mean combining weight, 231 4, , 52 96 ,, 

Puie cetyl palimtate would yield, theoretically . — 

Cetyl alcohol, melting at 49 5° C , . , 60 41 per cent 

Palmitic acid, combining weight, 256, . . . . 53 33 ,, 

Commercial Spermaceti 

Spermaceti is liable to turn yellow and rancid on exposuie to mr. 
Hehuer found two out of three samples to be wholly devoid of free 
acid, while the third had an acidity coirespondmg to 0 81 per cent, of 
free palmitic acid The behavioi on saponification, together with its 
physical characters, amply suffice to identify speunaceti and to detect 
any admixture. 

Spermaceti is somewhat liable to adulteration, — stearic and palmitic 
acids, steal in, tallow, and paraffin wax being possible additions 

According to the German Pharmacopeia, 1 part of spermaceti 
should be completely dissolved by 40 parts of boiling lectified spirit 
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(absence of fats ) ; after cooling the solution and filtering from the crys- 
talline mass, the filtrate should not have an acid reaction, and should 
yield at most but a slight precipitate on addition of watei (absence of 
fatty acids ) On lepeating the boiling after the addition of 1 part of 
dry sodium carbonate, the cold filtrate, on being acidulated, should 
merely become turbid 

Palmitic and stearic acid will be detected and determined by 
estimating the free acid of the sample, by titration with standard 
alkali and phenolphthalem, any pioportion of acid less than 1 per 
cent being neglected An admixtuie of beeswax would somewhat 
mciease the acidity of the sample Added fatty acids may also be 
detected by melting the sample m a test-tube immersed m boiling water, 
agitating with two measures of ammonia of 960 specific gravity, and 
allowing the whole to cool. If the spermaceti he puie, it will rise to 
the sniface and leave the ammonia nearly or entirely clear, but 
if adulteiated with steal ic acid, a thick white emulsion will be formed, 
which retains the spermaceti if the pioportion of the adulterant be 
large, but allows it to rise and form a separate layer if the stearic acid 
is present only in model ate amount. One pei cent of the adulterant 
is said to be recognisable by this test 

Tallow and steal in ai e recognisable in spei maceti by the test already 
given, by the change in the fracture, feel, and appearauce of the 
sample ; and by the tallowy smell produced on heating. They will 
also be indicated by the lcsults of the saponification of the sample 
In pieseuce of either adulterant the peicentage of alkali requhed for 
saponification will he increased, the saponification-equivalent cor- 
respondingly lowered, while the etlier-extract will be diminished and 
the percentage of fatty acids increased almost in dneet proportion to 
the extent of the adulteiation The saponification equivalent of 
Bpei maccti avei aging about 438 and that of tallow about 288, each 
unit per cent, of the adulterant will leduce the saponification equiva- 
lent by 15. Thus, if a sample be found to lequae 1178 pei cent, 
of KHO for saponification, corresponding to an equivalent of 380, 
the peicentage of tallow may be assumed to be 


If free fatty acids be piesent, together with neutial fats, the same 
method of calculation will show appioximately the sum of the two 
adulterants and, the fatty acids having been previously determined, 
the pioportion of fats can be ascertained; or, preferably, the fatty 
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acids ituiy bo previously determined in the same portion of the sample, 
and only the additional quantity of alkali requned for the saponifica- 
tion of the neutral fat taken into account in the calculation. The 
ether-residue from genuiue speimaceti being 50 pci cent , and fiom 
fatty acidB and neutral fats practically nil, the percentage of such 
adulterants can be ascertained with accuracy Each unit per cent, of 
ether-residue obtained represents 2 per ceut. of real spermaceti in the 
sample. 

Painful diminishes notably the specific gravity of the sample, yields 
100 pci cent of ether-re&idne, neutralises no alkali, and cannot, by 
admixture with any proportion of fatty acid or fat, be made to give 
lesults on saponification similar to those yielded by genuine sperma- 
ceti. Thus, a mixture of equal paits of paraffin and tallow will yield 
50 pei cent, of ether-iesiduc, but the saponification-equivalent will be 
about 57(1 If dcsued, any paraffin which may be present can be 
isolated and determined by ti eating the sample with concentrated 
sulphuuc acid m the manner descnhed under “ Beeswax ” Allow- 
ance being made for such admixture, the proportion of any other 
adulterant simultaneously present can be ascertained in the manner 
already described Pure spermaceti does not absoib iodine Lewko- 
witsch Inis found m commercial samples absorptions of 3 52 to 4 09, 
due probably to small amounts of sperm oil. 

Beeswax. 

French — Cire d’aboilles German — Bienenwacln 

(See also table on page 102.) Beeswax is the material of which the 
honeycomb of bees is composed. To obtain the wax the honey is 
diained off, the comb expiessed, molted in water, the impurities 
allowed to subside, and the wax allowed to cool or run into suitable 
moulds. 

Yellow Wax. — Thus obtained, beeswax is a tough, compact, solid 
substance, of a yellowish or biowni3h coloi, with a slight lustre and a 
finely gianular fractuie. Its taste is faint and slightly balsamic, and 
the odoi is lioney-like and characteristic. It does not feel greasy to 
the touch. 

White or Bleached Wax — By exposure to moisture, air, and 
light, beeswax becomes decolonsed. It may also be bleached by 
cautious treatment with chromic or nitric acid , but chlorine cannot 
bo advantageously employed owing to the foimation of chlorinated 
substitution-products which give rise to hydioehloric acid when the 
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wax is burnt. It may also be bleached by boiling it with a dilute 
solution of potassium dichromate and sulphuric acid The wax thus 
treated has a greenish color from the presence of chromium com- 
pounds, which it holds very persistently, but winch may be removed 
by boiling the product one or moie tunes with a solution of oxalic 
acid It is not eveiy kind of wax which can be effectually bleached. 
The presence of a small proportion of fatty mattei appears to facili- 
tate the process Bleached wax has its chemical composition some- 
what alteied by the treatment to which it has been subjected. 

Beeswax can be volatilised almost without change in a vacuum 
When distilled under the ordinary pressure.it yields a vanety of 
products, among which acrolein does not appeal to occur It is 
insoluble in water, but dissolves readily m fixed oils, carbon disul- 
phide, and in about 10 parts of boiling ether or tuipentine Accoid- 
ing to Hager, ethei dissolves only about half the wax at the oidinaiy 
temperatuie, and benzene and petroleum spirit about 27 pei ceut It 
is nearly insoluble in cold alcohol, but dissolves in about 300 paits 
of the boiling liquid, leaving only a small yellowish biown residue 
On cooling, the solution deposits a whitish crystalline substance, while 
the filtrate is yellowish, and is not rendered tuibid by addition of 
water. The portion soluble in cold alcohol consists of aromatic and 
coloring matters, together with a small quantity of fatty matter to 
which the name of ceiolem has been given The portiou of beeswax 
dissolved by a moderate quantity of hot alcohol consists chiefly of 
cerotic acid and its homologues, whilst the undissolved part is myncin. 

Schwalb has separated from beeswax two hydrocarbons — hepta- 
cosane, 0 2 ,H 56 , and hentriacontane, C 31 H 6 , — having melting points of 
60 5° and 67° respectively According to Schwalb, small quantities 
of myricyl and other alcohols also occur. 

F. Nafzger has shown that the free acids of beeswax consist chiefly 
of cerotic acid, melting at 78 5°, mixed with a small quantity of acids 
of the oleic series By fractional piecipitation of the alcoholic solu- 
tion with magnesium acetate a small quantity of an acid was obtained 
which melted at 89°, and had a composition either identical with that 
of melissic acid, C, 0 H c0 O 5 , or with tlie next liomologue, QjJImOa 

Cerotic Acid, C a H ra COOH, crystallises from fusion m small 
grains It exists in beeswax in the fiee state, in a pioportion usually 
between 12 and 16 per cent. It dissolves in hot alcohol, hut is almost 
wholly deposited on cooling. It is soluble m hot ether, hut is said to 
be insoluble in chloroform. Lead cerotate is insoluble in alcohol or 
ether. 
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To prepare cerotic acid, beeswax should first be repeatedly heated, 
with boiling alcohol. The deposit which separates fiom the alcohol 
on cooling is melted, and treated with hot alcohol and potash in faint 
excess in the manner described foi the determination of cerotic acid 
(page 215) The liquid is then diluted with an equal measure of 
water, and the unsaponified mattei extracted by repeatedly agitating 
the liquid with hot petroleum spirit. The solution of the soap is then 
separated and decomposed by dilute acid, the separated ceiotic acid 
being washed, fused, and purified by reerystalhsation from boiling 
alcohol. 

The pioportion. of ceroUc acid m beeswax, or rather the proportion 
of total iieo acids calculated as cerotic, can be determined as described 
on next page The iiiisapoiiified portion of the wax consists of 
myricm, which can be pui lficd by agitation with boiling alcohol and 
fusion 

MxwrtN is the chief constituent of beeswax insoluble in alcohol. 
It is a solid, wax -like body, melting at 64° C On saponification, it 
yields a pal nutate, myricyl alcohol, and a small quantity of soap from 
an acid of the oleic senes. Hence myricm has essentially the con- 
stitution of myricyl palnntate. 

Myricil Alcohol, C 10 II c , OH, may be prepared by heating myricm 
or beeswax itself in a closed vessel for an hour or two with excess of 
alcoholic potash, neatly neutralising the excess of alkali with acetic 
acid (using phenolplithalein a3 an indicator), and precipitating the 
turbid liquid with excess of lead acetate. The precipitate, con- 
sisting of a mixtuie of lead soaps and myricyl alcohol, is washed, 
dried, and exhausted with hot ethei or petroleum spirit in a Soxhlet’s 
tube. On evaporating the solvent, tho wax-alcohol is obtained in 
white glitteung ciystals, which may be purified by washing with cold 
alcohol and lecrystallisation fiom ethei. It may also be prepared in 
a similai rnannei from cainauba wax 

Myncyl alcohol is a ciystalline silky substance, melts at 85° to 86 a 
to a cold less liquid, and solidifies to a fibrous mass at about 1° 
lovvei It is insoluble in water, scat cely soluble m cold alcohol, ether, 
or benmio, and but little in cold chloroform. It dissolves readily in 
boiling alcohol, ether, chluioforrn, benzene, and petroleum spirit. 
When fused with potassium hydroxide, or heated to 220° C with 
potash-lime as long as hydrogen is evolved, it is converted into potas- 
sium mehssate, KO^H^O,, which, on solution in water and treatment 
with an acid, gives melis&ic acid 

Melissic Acid, HG 10 H ) . J O i , crystallises in lustrous white plates or 
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needles, melts at 89 9° to 90 2°, and solidifies at 89 2° It is readily 
soluble in hot alcohol, chloroform, petroleum spirit, and caibon disul 
plnde, but only sparingly in boiling ether. Lead melissate melts at 
118° to 119°, solidifies at 117 5°, is spanngly soluble in boiling toluene 
and glacial acetic acid, and insoluble in alcohol and ether 

Analysis of Genuine Beeswax 

The proportion of eerotic acid m beeswax can be ascertained by 
titration with standard acid and pbenolphtbalem m the usual way, but, 
owing to the very high combining weight of the acid, the operation must 
be conducted with extreme care O Hehnei recommends that alco- 
holic potash should be used, and that it should be prepared fiom pure 
potash and fiom spirit which has been redistilled fiorn caustic alkali 
It should be about one-third noimal — that is, 1 cc. should coriespond 
to 3 to '4 c e of normal acid The alkali should be standardised 
several times with the acid, and the results should not vary by more 
than 05 c.c._of standard alkali for each 10 c c. of acid used. 5 grm. 
of the wax should be heated in a flask with-50 c c of methylated spirit 
which has been ledistilled from caustic soda. When the wax is per- 
fectly melted, an alcoholic solution of phenol phthaleiu is added in not 
too Braall an amount. The indicator must not be acid, as is fre- 
quently the case, but must previously have been rendered pink, by 
addition of alkali in faint excess. The standard solution of alcoholic 
potash is then added drop by drop, the liquid being kept well agitated 
until the pink color becomes permanent, when the volume of alkali 
employed is observed. The combining weight of cerotic acid being 
410, a volume of standard alkali corresponding to 1 cc. of normal 
acid represents 0 410 grm of cerotic acid. The percentage of cerotic 
acid may be found by multiplying the percentage of KHO required 
for neutralisation by 7*31. As the volume of standard alkali required 
by 5 grm of wax amounts to only a few cubic centimetres, a very 
finely graduated burette should be employed. 

Hehner found by this process, m sixteen samples of English un- 
bleached wax, proportions of free acid, calculated as cerotic acid, 
ranging from 12T5 to 15 71 per cent , the average being 14 4 Seven- 
teen samples of foreign wax gave very similar results, but showed a 
somewhat wider variation, the extreme numbers obtained being 12 17 
per cent from a dark-brown Mauritian wax, which showed signs of 
having been burnt in the process of manufacture, and 16 55 per cent, 
from a dark-brown wax from Gambia In wax bleached by air and 
light the proportion of free acid is practically unchanged, but m wax 
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blenched by chromic acid mixture it may be mcieased to 17 01 18 per 
cent. Ilehuer’s lesults have been confiimcd by Hub], who found in 
twenty samples of yellow wax piopoitions of ftee acid vaiymg fiota 
13 9 to 15 3, the avemge being 14 (5 per cent 

It is evident that the foiegoing lapid and simple volumetiic piocess 
fails to prove the actual natuie of the fiee acid ; but by opeiating on a 
somewhat laiger quantity of beeswax the same method seives as the 
first step tow aids the actual isolation of cerotic acid, the quantity ob- 
tained beiug sufficient foi the determination of the fusing point and 
other data The unsaponified poition consists principally of myricin, 
which can be separated and weighed as such, or its nature and compo- 
sition may be deduced fiom the lesults of its saponification in the fol- 
lowing manner • — 

The experiment by which the piopoitmn of oeiotic acid m beeswax 
was ameitained by titiation with alcoholic potash and plienolphthaleiu 
may he extended in such a way as to obtain a detei initiation of the 
my nan. Eoi this puipose a further exactly known volume of stand- 
ard alcoholic potash should be run into the flask, the quantity used 
being equivalent to about 25 c c. of normal acid, A leflux condenser 
is then attached to the flask, and the liquid bi iskly boiled foi one houi , 
when the solution should be clear, or nearly so The flask should be 
agitated at intei vals to ieniove auy paiticles of wax which may have 
adhered to the sides of the flask above the liquid The condensei is 
thou detached and the solution titrated back fiom a very delicate 
buictte with seminoimal acid The alkalinity which has disappeaied, 
oxpie=scd in tenns of normal acid, represents the myricin which has 
been saponified One c c of noi mal acid, or 0 0561 grm of KHO neu- 
tralised, coiresponds to 0 676gim. of myricin Hubl found twenty 
samples of yellow wax to lequue from 7 3 to 7 6 per cent of KHO 
for the saponification of the myricin, which figures eonespoud to pio- 
portions of that body vaiying from 88 to 91*6 pei cent These lesults 
fully confirm those of Hehner, who found m sixteen samples of yellow 
English wax piopoitiona varying fiom 85-95 to 89 05, the average 
being 88 1. 

When determined volnmetrically by the above method, the cerotic 
acid and myricin together usually amount to somewhat more than 
100 per cent., the average being, according to Hehner, 102 5 It is 
evident, therefore, that wax requires more alkali for saponification 
than would be required for a mixture of pure cerotic acid and myricin 

The results above recorded prove that genuine beeswax is of ap- 
proximately constant composition Hehner’s experiments show that 
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the proportion the cerotic acid bears to the myricin in English bees- 
wax (unbleached') averages 1 6 12, while Hubl finds ratios varying 
from 1 . 5 94 to 1 6 24 

Saponification m the Gold — Henriques determines the saponification 
value in the cold as follows The acid value is determined by dis- 
solving B grm of the wax in 25 c.c. of petroleum spirit with the aid 
of heat and titrating with half-normal alcoholic sodium hydroxide, 
using phenolphthalem as indicator. If necessary, the liquid is warmed 
again, 25 c o of normal alcoholic hydroxide added, and allowed to 
stand in the cold for twenty-four hours, when complete saponification 
will take place. The saponification value is determined by titrating 
the excess of alkali. 

J. Werder (Ohm. Zeit , 1898, 38 and 69) finds that the Zeiss 
butyro-refractometer may advantageously be employed in the ex- 
amination of different kinds of wax, especially when the amount of 
material at disposal ib very limited, and that the indications obtained 
with it are quite as valuable as in the case of oils and fats. Owing to 
the high melting point of the wax, it is necessary to work at a higher 
temperature than usual, preferably 66° to 72° 0 , and then to reduce the 
results to the normal temperature, 40° C. As shown in the annexed 
table, the figures given by genuine beeswax vary from 42 6° to 45 4°, 
the great majority of specimens falling between 44° and 46° , and it 
seems to make little or no difference to the refractive power whether 
they are tested before or after bleaching. Samples 19 to 24 had pre- 
viously been examined chemically, and had been rejected on the 
ground of their abnormal acid and ester numbers, which were as 
follows — 

Number op Sample Acid Number 1 Ester Number 1 

10 18 48 80 04 

20 127 1 13 4 

21 59 08 4 30 

22 104 7 14 3 

23 41 0 57 0 

24 106 0 48 1 

No. 24 is a product called “ Glanzwachs,” obtained by adding some 
of the mixture of stearic and palmitic acids as used in the manufac- 
ture of stearin candles (No. 28) to a genuine wax, this being a form 
of aduheration commonly employed in Switzerland 

1 The aotd numbci is the number of milligrams of potassium hydroxide required for 
the neutralisation of the free acid, and the ester number the number of milligiaras re- 
quired to saponify the esters m one gram of tho sample The figures are expressed as 
per cent in the table on page 222 
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Refractive Power of Different Kinds of Wax 
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Adulterations of Beeswax 

Commercial beeswax is liable to a number of adulterations, among 
which the following are recoided: — Water; mineral matters, as kaolin, 
gypsum, barium sulphate, and yellow ochre, sulphur, starch and 
flom , lesinous bodies, as colophony, galipot, aud burgundy pitch ; fatty 
bodies, as stearic acid, stearin, Japan wax, aud tallow, paraffin and 
ozokeiite, and vegetable waxes, as cainauba wax. Spermaceti is also 
said to have been used 

Wider has been met with in beeswax to the extent of 6 per cent,, 
being purposely introduced It may be detected and estimated as 
described under “ Laid ” 

Mineral matters may be detected and deteimined by igniting the 
wax. They will also remain insoluble on dissolving the sample in 
turpentine, chloroform, or benzene. As much as 17 percent of yellow 
ochre has been found m unbleached beeswax 

Starch aud flour will be left undissolved on treating the wax with 
warm turpentine The liquid may be filtered, the residue washed with 
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a little ether, and examined undei the microscope with solution of 
iodine. 60 per cent of starch has been met with Small quantities 
of starch or flour may exist in genuine wax that lias b'een rolled or 
pressed, the rollers or press being dusted over with flour to pievent 
the wax from sticking 

Sulphur has been found as an adulterant of unbleached wax It 
may be detected by boiling the sample with a weak solution of soda, 
and adding lead acetate to the cooled liquid, when a black or brown 
precipitate will be produced if sulphur be present 

According to Wemwurm (Analyst, 1897, 242), 2 or 3 per cent of 
cerasin or paiaffin, oi 5 pei cent of losin, may be detected as follows 
5 grm of filtered wax are saponified in 25 cc. of semmormal alkali 
and the alcohol removed 20 cc. of glycerol aie run in, the whole 
warmed in the watei-bath till solution is effected, and 100 c c of boil- 
ing water added Pure wax gives a clear, transparent, or translucent 
solution, through which ordinaiy printed matter may be lead with 
ease. Five per cent of cerasin or rosin yields a cloudy liquid, and 
the print is no longer legible ; 8 per cent of cerasin causes a decided 
precipitate. If the solution is clear, 3 per cent , or, if it is opaque, 2 
per cent, of cerasin is added to another sample of the wax, and the 
saponification repeated, when from the appearance of the soap solution 
the presence or absence of either impurity may be deduced 

R Henri ques ( Analyst , 1897, 292) reports favoiably on the above 
piocess, but simplifies it by applying the LefFmanu-Beam alkah- 
glyeerol method for saponifying A piece of wax about the size of a 
pea is boiled in a test-tube foi three or four minutes with 6 c c of 
alkali glycerol (25 cc. sodium hydroxide solution, sp gr 1 383, and 
125 c c pure glycerol). The solution, which is at first quite clear, 
becomes gradually cloudy After boiling for about the time men- 
tioned, the oil collects m a layer and the underlying fluid becomes 
clear The bubbles of the boiling mass also now become smaller and 
the glycerol commences to distil. As soon as this point is reached 
the heating is discontinued. The fluid is now pouied into another 
test-tube, in order to separate it fiom the unsaponified portion , an 
equal weight of hot water is added, and the liquid boiled and allowed 
to c c 1 I the case of pure wax the solution will be either quite 
clear and transparent, or at any rate sufficiently tianslueent to allow 
of large printed matter being read through it, as described b-y Wein- 
wurm Should, however, on the contrary, as much as 5 per cent, of 
foreign hydrocarbons be present, the fluid will be quite opaque. With 
an admixture of only 3 per cent of cerasin or paraffin, the indication 
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is uncertain, tuul the further tieatmeut lecommended by Weiuwurm 
to meet such chscb Bhould be followed. 

Japan wax and other fatty substances {eg, tallow, stearin, stearic 
acid) may also he detected by boiling 1 gim. of the sample with 1) 
grm of boiax and 20 cc of water, when the aqueous liquid will 
become milky or gelatinous on cooling. With pure beeswax it re- 
mains clear or becomes but slightly turbid, and carnauba wax and 
rosin behave similarly. 

The specific gravity of beeswax is a useful indication of the piesence 
of foreign admixtures. Great discrepancies occur m the recorded 
specific gravities of possible adulterants of beeswax, as determined 
by various obsei vers, the differences being probably due to the faulty 
methods of obsei vatmn. The subject has been investigated by W. Cliat- 
taway in the nut hoi’s laboiatory, with the following lesults. — 

1. Hager’s method is objectionable, owing to the anomalous con- 
ti action caused by sudden cooling of the fused substance 

2 If sudden cooling be avoided, the determination may be made by 
immersing the fragment in dilute alcohol or ammonium hydioxide, ad- 
justing the specific gravity of the liquid until identical with that of the 
wax, and then asceitaiunig its specific giavity by one of the usual 
methods To prepare the fragments, a good plan is to melt the wax in 
a clock-glass oi flat-bottomed capsule placed ovei a beaker of boiling 
watei, and then remove the souice of heat and allow the water in the 
beaker to cool spontaneously Small blocks can then be cut from the 
solidified wax with a knife, or cyhndeis removed with a eorkboier 
Another good plan is to suck up the molten wax into a piece of quill- 
tubing, the uppei end of which is then closed by the finger, while the 
lower is immersed m cold water. This causes the wax to set at the 
orifice of the tube, and so closes it. The tube is then supported in a 
vei deal position, and the contents allowed to solidify spontaneously. 
Owing to the mode of cooling, the wax forms a smooth cylindrical 
stick, readily removable from the tube, the central portion is always 
free from cavities and aii-bubbles The cubes or cylinders aie then 
painted over with a wet brush to prevent the adherence of air-bubbles, 
and then cautiously lowered (not dropped) into the spint by means of 
a pair of forceps or a glass rod bent into the form of a hoe 

3. In the case of a crystalline substance, such as spermaceti or Chi- 
nese wax, the determination of the specific gravity of the solid sub- 
stance is very unsatisfactory, but the difficulty is wholly avoided if the 
determination be made on the molten wax at the temperature of boil- 
ing water 
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The melting and solidifying point of a sample of wax will often 
afford valuable information , but unfortunately the figures recorded as 
the melting points of various waxes exhibit great discrepancies, owing 
to the different methods employed 
The following table shows a number of results obtained in the 
author’s laboratory by the examination of specimens of waxes and 
analogous bodies. The specific gravities were determined by the 
methods just indicated, the melting points by method a, page 34, and 
the solidifying points by method d. page 37. — • 



The following table gives the specific gravities and melting points 
of waxes and some other bodies, as determined by other observers — 


Substance 

SrEtinc Gravity at 
15-16° C 

Temperatuee^of Change of Physical | 

T Budorff 

Various 

Dietrich 

Various 

Melting 

Point 

Solidifying Poiut 

Melting 

roint 

Beeswax, yellow 
„ bleached 

Spermaceti 
CaruuUba wax.. 

S&~ 

Stearic acid 
Colophony . . 

963- 964 
900 

952- 961 

971- 972 
l 045-1 108 
913-914 
918- 92? 

| 959-969 
’ 942- 946 
995-1 000 
984-1 000 
925- 040 

964- 986 
1 070-1 090 
| 868-915 

62 0-02 5 

44 0-44 5 

52 5-54 5 
42 5-50 5 

02 0-02 5 

44 0-44 5 

41 0, rising to 46 
33 0-39 5, rising 
4-5° 

^ 11-49 
83-85 
42-53 
30-49 

58-65 

48-72 
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A furthei insight into the natuic and proportion of the adulterants 
which the loiegoing tests may have indicated to be piesent in a sample 
of beeswax, can be obtained by a caieful deteinnnation of the percent- 
ages of alkali requned for the neutralisation of the free acul and foi 
the complete snponification of the sample. For the method of oper- 
ating see page 216. The following table, drawn up from the results 
of Hehner, Hubl, and the author, shows the behavioi with potassium 
hydroxide of such probable adulterants of beeswax ns are soluble in 
oil of turpentine : — 



Mri.u.t l’En 

CNTAIil OP KHO HtQUlUl D 

IUTioor 

SUHSTANU 

\ I or Neutr 
tiun of rrte Acid 

B For Saponifica- 
tion of Esters 

A + B 
Total, 

TTnblein hc»l hu tout 
C litinu ill} liluiv hut 

20 

70 

9 5 

1 3 75 

2 l 

71 

0 5 

1 2 96 

Spot in iu>ti 

traces 

12 8 

12 S 

1 1 190 

1 j 05 

Cummin ivm 

l-S 

76 

8 0-Si 

Chinese as . 

; traces 

63 

63 

J-ifin « 

20 

19 5 


1 9 70 

Mvrtlo was 

03 

20 5 I 

21 8 

I 68 3 

Tallow inJ «tLinn 

X 0 

18 5 

19 5 

1 18 5 


20 0 

none 

20 0 


Colophony 

Par ilhn w ix } 

18 0 

10 

19 0 

IS 1 

Cenisui uini o/olii i ito j 

110,10 

1 

none 



i Spermaceti is not usually an adulterant of beeswax, but there have 
been occasions when its substitution would have been profitable and may 
have been piactised. It 13 the only adulterant which would cause the 
sample to show less fiee acid, and yet require an increased proportion 
of alkali for its saponification, at the same time yielding less glycerol 
and reducing the specific gravity and melting point. In the absence 
of carnauba wax, a direct indication of the presence and proportion 
of spermaceti may be obtained from a deteinnnation of the melting 
paint of the higher nlcohols of the sample 
From an inspection of the table it appears that carnauba wav re- 
quires for complete saponification a pioportion of alkali not veiy dif- 
ferent from that required by beeswax, but is distinguished fiom the 
latter by the smaller (but very variable) proportion of alkali required 
by the free acid. An admixture of carnauba wax will be further 
indicated by the increased specific giavity and higher melting point of 
the sample 
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Another proof of the presence of carnauba wax is obtainable by 
removing free acid by alcohol and alcoholic potash, saponifying the 
separated neutral wax, precipitating the solution with lead acetate, 
and exhausting the precipitate with petroleum spirit, and decomposing 
the lead soap with hot hydrochloric acid Beeswax, when thus treated, 
yields a product which is chiefly palmitic acid (melting point, 62° C), 
while the product similarly obtained from carnauba wax is largely 
cerotic acid (melting point, 79° C ). 

If the proportion of alkali required for total saponification exceed 
9'5, or, at the outside, 10 ‘0 per cent, of the wax, the presence of some 
adulterant is certain. Japan wax, myrtle wax, tallow, and stearin all 
require proportions of potash not far from 20 per cent Hence each 
O'l per cent, of KHO required m excess of the normal proportion 9 5, 
indicates the presence of about 95 per cent of one of these adul- 
terants. 

Japan and myrtle wax are denser than beeswax, and tallow and stea- 
rin somewhat lighter, but they all agree in having a notably lower 
fusing point than pure beeswax, and yield glycerol on saponification 
In doubtful cases, a determination of the glycerol by the peimangan- 
ate process may be resorted to, when the amount found multiplied by 
10 gives the approximate weight of the adulterant The presence of 
fatty substances is also indicated by the qualitative tests with borax 
(page 220). 

Free stearie acid is readily distinguished from the neutral fats by the 
large proportion of alkali required in the first stage of the process , in 
fact, the percentage of this adulterant may be calculated by multiply- 
ing by 5 any excess of potash required for saponification above the 
normal proportion of 2 per cent. Stearic acid is also indicated by the 
sodium carbonate test It is employed less frequently than other adul- 
terants of beeswax, as it notably diminishes the malleability of the 
substance 

Colophony or rosin requires somewhat less alkali for its neutralisa- 
tion than is taken by stearic acid, and the pioportion is not very con- 
stant Its presence is further indicated by the increased specific gravity 
of the sample. It may be detected with certainty, even if present to 
the extent only of 1 per cent., by boiling 5 grm. of the sample for one 
minute with 20 c.c of nitno acid of T33 specific gravity. When cold, 
the liquid is diluted with an equal volume of water and agitated with 
excess of ammonia. With pure wax a yellow solution is pioduced, 
but if resin be present nitro-compounds are formed, which impait to 
the liquid a blood-red or reddish-brown tint, varying in intensity with 
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the proportion of the adulterant Cases have been recorded of fac- 
titious beeswax composed of 60 per cent, of paraffin and 40 of yellow 
lesui, covered with a thin layei of genuine beeswax. On boilmg the 
sample with 15 tunes its weight of alcohol of 870 specific gravity, the 
paraffin was left In fused colurless globules having a specific gravity of 
910, while the solution yielded the resin on evaporation Such a resi- 
due would give a marked resinous odor when heated, but if the pro- 
portion of the sample soluble in alcohol be small, such a test must not 
be regarded as absolute proof of the presence of added resin, as many 
specimens of genuine beeswax behave similarly 

Pataffin, cerasin, and ozohente are the only adulterants of beeswax 
which tend to reduce in a notable degiee the proportion of potash re- 
quired foi snpomfication They also leduce the specific gravity in a 
marked manner, but this indication has little more than a qualitative 
value In a sample consisting solely of beeswax and hydrocarbon 
wax the proportion of’ the former may be deduced with considerable 
accuiacy fiom the results of the saponification, each 01 pei cent of 
IvLIO lequired repiesenting 1 053 per cent of beeswax in the sample. 

Pete) mutation oj Fatty Alcohols and of Pataffin and Co asm — An 
adulteration of beeswax with less than 6 per cent of cerasin or paraffin 
cauuot be detected with certainty by any of the ordinary methods, 
because the relations between the free fatty acid and saponifiable and 
unsaponifiable matters an genuine beeswax vary within somewhat wide 
limits The detection of smaller quantities of these adulterants can 
only he made possible by a dnect determination of the hydrocarbons 
present, and O. Mangold (J. C 1, 1891, 860) describes a modifica- 
tion of a method lecontly brought out by A and P Buisme with that 
object The method is based on the observation of Dumas and Stas, 
that if a saponified wax be heated with potash-lime, the fatty alcohols 
are decomposed with formation of fatty acids and evolution of hydro- 
gen, the volume of which becomes a measure of the fatty alcohols 
present, whilst the hydrocarbons may be dissolved out of the residue 
and weighed The improvements of the method consist m the simpli- 
fication of the apparatus and a more exact knowledge of the con- 
ditions to be observed From 2 to 10 grm. of the wax n.e saponified by 
melting with potash-lime. The solid dry soap is then powdered and 
well mixed with three times its weight of potash-lime, and placed in a 
strong pear-shaped flask, in which it is heated to 250° for two hours. 
The appai atus for conducting this operation is Bhown in the sketch. 
A is an iron vessel with a lid fastened down by screws and filled with 
mercury. The flask E is connected, gas-tight, with a Hofmann’s 
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burette, if, for measuring the hydrogen evolved T is a thermometer 
and Fa temperature regulator K is a condensing tube for mercury 
vapor It is advisable that the heating at 250° be continued for three 
hours to secure completion of the reaction, after which the flask is 
allowed to cool, and is broken up to liberate the residual mass, which 
is then powdered and extracted with petroleum spirit m a Soxhlet 
apparatus The residue left on evaporation of the petroleum spirit 
is dried at 110° and weighed Genuine beeswax examined by this 
method gives always some hydrocarbons, but the experience of Man- 
gold and other observers is to the effect that the quantity is almost 
invariably between 12 5 and 15‘6 per 
cent. The mean of these quantities, 
oi 1 3*5, must, therefore, be deducted 
from tbe total hydrocarbon found, 
and the difference is the amount of 
hydrocarbon added by way of adul- 
teration. 

On account of the difficulty of 
saponifying certain waxes with alco- 
holic lye, Benedikt and Mangold (J 
S C I„ 1891, 860) recommend the 
following modification of Hekner’s 
method — 

1. The acid number is ascertained 
as* usual, 7 to 10 grin, being employed 
for the test 

2. Instead of tbe saponification 
number tbe “ total acid number ” is 
determined, by which is understood 
the quantity of potassium hydroxide 
necessary for neutralising a mixture 
of fatty acids and monatomic alcohols 
obtained after previously decomposing the saponified wax by dilute 
hydrochloric acid. To obtain this mixture, 20 grm of potassium 
hydroxide are dissolved in 15 c c. of wate,r and boiled ; to this, 
during continuous stirring, aie added 20 grm of the wax, which has 
been melted oh the water-bath The mixture is heated and stiired 
for ten minutes more, then diluted with 200 c.c. of water, heated again, 
and acidified with 40 c.c. of hydrochloric acid slightly diluted with 
water. It is boiled until the upper part appears clear, allowed to 
stand, and the wax-cake boiled, first with water containing some 

vol n .— 16 
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hydrochloric acid, aud subsequently twice with water alone The 
was cake 19 dried with filter paper, melted in the drying oven, and 
the liquid filtered. The filtrate solidifies as it cools. 6 to 8 grin of 
the substance thus obtained aie treated with alcohol free from acids, 
heated on the water-bath, and titrated after phenolphthalein has been 
added The total acid number thus obtained is somewhat lower than 
Hubl's saponification number If s be the acid number, S the total 
acid numbei, and a the other number, we have Hubl’s saponification 
number, a -J- s, and — 

66100 (S — s) „ 60100 (a + 1 ) 

a ~ 56100 — 18 S b ~ 66100 + 18 a 

The total ncul numbers of various kinds of yellow beeswax of differ- 
ent oiiginsianged fiom 88 to 93, as an average figure, 92 8 is given, 
conesponding to the saponification number 95 The amount of wax 
( IF) contained 111 ceiasin is then determined by the formula , — 


or, more accurately. 


100 

92 8 


IF 


97 72 X 

92 75 - 0 0228 S 


If, however, small quantities (6 per cent, or less) are mixed with 
beeswax, this test is no longer applicable, and Buisine’s method must 
be used instead. When stearic acid or resin is present, the acid num- 
ber is higher; if a be the average acid number of such additions, 
these additions are calculated by the formula — 

„ 100(3 — 2o) 

K ~ “ JT 2 — 


With stearic acid, as used for technical purposes, <r= 200, hence we 
have in this case — 

. 10(3-20) 

K ~ ie 

When fats or tallows are present, the following formula has to be 
used — 

100 (fr -S)a 
(S/ — .S; a -)- 1,3 — £>'„) h ’ 

where S is the total acid number, S w the total acid number of pure 
beeswax, S f that of fat, a the quantity of wax necessary for obtaining 
1 grm of substance, as above described, by the treatment with dilute 
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hydrochloric acid, and b the quantity of fat which yields 1 grm. of 
insoluble fatty acid. 

A ratio number may be calculated, as noted above, from the total 
acid and the acid value, not from the ether- and acid-value Thus, 
Lewkowitsch (“ Chem. Anal, of Oils, Fat, and Waxes”) notes that a 
normal wax having the saponification value 95 would furnish a ratio 
number as follows — 

S—a s = 72 77 20 = 3 64. 

The ratio number of pure wax is not so constant as has been 
assumed A sample of wax having the acid value 18 and saponifica- 
tion value 90 (corresponding to the total acid value 88), may yet be 
pure, a large number of yellow waxes from various sources having 
given numbers between 88 and 93 for S 
The determination of the ratio number alone will not suffice, as it 
is possible to prepare, without wax, mixtures having a normal ratio 
number Thus, Lewkowitsch calculates that a mixture of Japan 
wax 37 5 parts, stearic acid 6 5 parts, and cerasm or paraffin wax 66 
parts, will give the normal latio number of acid value to ether-value 
of 3 71. It is evident that the examination must be supplemented by 
other determinations, e g , iodine value, hydrogen liberated on beating 
with potassium hydroxide, and estimation of the hydrocarbons 
The following are some results obtained by Buisine in the examina- 
tion of beeswax and adulterants — 
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Carnauba Wax. Cainahuba Wax 

(See also pages 102, 221, 222, and 227 ) This is a very hard, sulphur- 
yellow, or jpllowish-giecu substance, melting at about 84°, of neatly 
the same specilic gmvity as water, and leaving, on ignition, a trifling 
quantity ot ash, which often contains iron oxide 

Carnauba wav lias a veiy complex composition It consists of a 
mixtme of lngbei fatty acids and alcohols, together with the ethers of 
these bodies Berard found free ceiotic acid in the portion of the wax 
soluble in hot alcohol, while Stoiy-Maskelyne found myricyl alcohol in 
the same solution. This result is confirmed by H. Stui he (,7 S C. I., 
1884, 448). He states tho alcoholic solution to contain myricyl alco- 
hol, and a small quantity of myricyl cerotate, which is soluble in boil- 
ing alcohol to the extent of 0 82 grm. per litre The free myricyl 
alcohol and that obtainable by saponifying the myiicyl cerotate 
together amount to 45 per cent of the eutire wax. 

By saponification of carnauba wax, Stuike obtained the following 
bodies — a hydiocaibon , melting at about 69° , ceryl alcohol, CnH^OH, 
a crystalline body melting at 76°. The sum of these did not exceed 
2 pei cent of the wax , myricyl alcohol (45 per cent.) ; a diatomic 
alcohol, C, 3 H (8 (CH 2 OH) 2 , melting at 103 - 5 , an acid of the formula 
COOH, melting at 72 5°, and isomeric with lignoceric acid ; cero- 
tio acid, the chief acid of carnauba wax, melting at 79°, oi an acid iso- 
menu therewith , a hydro ly acid of the formula CH,OH OjjHm COOH. 

Carnauba wax when m a separate state is readily recognised by its 
physical characters anil the results of its saponification. It is some- 
times employed as an adulteiant of beeawax, in which its presence may 
be lecogmsed by the high specific gravity and melting point of the 
substance, and by the melting point of the fatty acids produced by the 
saponification of tho neutral ethers of the sample. The presence of 
carnauba wax in soap is best recognised by mixing the sample with 
sand, diying thoroughly, and exhausting the mixture with petroleum 
spirit (boiling at about 100°) or hot toluene in a Soxhlet’s tube. The 
residue left on distilling off the solvent is then treated in the planner 
directed for the preparation of myricyl alcohol from beeswax. The 
weight of myiicyl alcohol divided by 045 gives approximately the 
amount of carnauba wax in the quantity of soap employed. 

E. Valenta has found carnauba wax m a number of commercial 
cerasins and paraffins which were characterised by their high melting 
points and great hardness It is employed to impart these properties 
and to give a peculiar lustre to the wax. Valenta gives the following 
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figures showing the influence of carnauba wax, melting at 85° C„ on 
the melting point of mixtures containing it. 


Mflting Point (° C ) op Substance or Mixture 


CabaaOba Wax 


Stcarlo Acid 


Paraffin Wax 


0 

5 

10 

15 

20 

25 


68 60 
G9'76 

73 76 

74 66 

75 20 

76 80 


72 10 
70 10 
80 60 
81 60 
82 53 
82 06 


60 16 
78 00 
70 20 
81*10 
81 50 
81 75 


These results show a very marked increase in the melting point of 
the substances by the addition even of 5 per cent of carnauba wax. 
Further additions increase the melting point in a diminished ratio. 

The proportion of carnauba wax existing in admixture with the 
foiegoing bodies, or with Japan wax, can be ascertained by determin- 
ing the percentage of potash required for the neutialisation of the fiee 
acid and for the saponification of the esters of the sample, and by the 
determination of the unsaponifiable matter. 


Blown Oils, Oxidised Oils, Base Oils. 

Various products known by these or similar names are now manu- 
factured by blowing a stream of air through fatty oils The oils 
which lend themselves most readily to the treatment are cottonseed, 
rape, and linseed oils, but the process is also carried out with olive, 
lard, and other oils. The oil is usually heated by a steam-coil at the 
commencement of the process to a temperature of 70° C , though this 
is not strictly necessary, at least with certain oils, and in any case 
care must be exercised in order to avoid too high a temperature 
(above 80° O ), The process usually lasts from twelve to forty-eight 
hours, accoiding to the nature of the oil under treatment, the charac- 
ter of the product desired, and the size and power of the apparatus 
Great heat is developed and the oil increases in specific gravity and 
viscosity The product can be varied by arresting the process at any 
particular point. Blown oil is usually of a clear yellow color, with a 
disagreeable smell and taste suggesting its origin. It is very viscous 
and often as dense or denser than castor oil, from which it differs by 
not dissolving readily in alcohol and in being soluble in petroleum 
spirit. Its perfect miscibility with heavy mineral oils gives it an 
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advantage over castoi oil m the manufacture of lubncatiug mixtuiea 
for heavy machinery, Mineial nil and castor oil arc nnitually soluble 
only to a very limited extent, but by addition of some othei oil, such 
as tallow oil, peifect union can be effected. When the oxidation of 
Cottonseed oil is pushed to an extieruc, the product has a density of 
8S5 and is not icadily miscible with heavy mineial oils Blown oils 
yield eebaeic acid on dry distillation, and contain but an insignificant 
proportion of unsapouifiable matter The odoi, taste, and color-ieac- 
tion of the oil with sulphuric acid will affoid an indication of its 
origin, and more defimto inhumation can be obtained by an exami- 
nation of the physical and chemical chaiacters of the fatty acids pro- 
duced by its saponification 

The piocess of blowing results in a change in the fatty acids, a 
notablo propoition of which after the piocess is soluble in watei, 
The insoluble acids have a mean combining weight considerably below 
the oiigmal, and are regauled by Fox and Baynes (Analyst, xn 83) 
as probably “ oxyacids of the acrylic seiies.” The glycerin, as de- 
termined by the pci manganate process, appai ently mcieascs somewhat, 
but this effect is piobably due to the formation of soluble products, 
which, like glyceiol, yiudd oxalic acid by oxidation with permanga- 
nate. On saponification blown oils usually yield very dark soaps 
The following figuies, obtained by the analysis of blown oils, have 
been published by Fox and Baynes ( loe at) — 



Fox (Oil and Col. Jnut., 1887,549) has also published the fol- 
lowing figures, showing the change produced in oils by blowing 
air — 
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HIGHER FATTY ACIDS. 

Under the denomination of “fatty acids,” used in its widest sense, 
are included the whole series of homologous acids of which formic acid 
is the lowest member, together with the various homologous acids of 
the acrylic or oleic senes, the peculiar acids obtained by the saponifica- 
tion of castor and drying oils, and many others 

The lower acids of the formic, acetic, or stearic series have been fully 
consideied in Volume I., page 485 et seq 

The following tables give some paiticulars respecting such higher 
fatty acids as are of interest or impol tance as constituents of the fixed 
oils or fats Some information as to the analytical characters of capry- 
lie, pelargomc, and capnc acids will be found in Volume I. Palmitic, 
stearic, and oleic acids aie so important and of such frequent occur- 
rence that they aie desciibed at length m subsequent sections. Fur- 
ther information respecting aiachidic,erucic,linolic, and ncinolic acids 
will be found in the sections treating of the oils of which they are 
especially characteristic — namely, arachis oil, lape oil, linseed oil, and 
castor oil 

The methods of detecting 01 determining the lower homologues of 
the stearic series are described on pages 50, 58, and 189. 

It will be noted that the acids of the steano seiies become less fusi- 
ble as the number of carbon atoms increases. 

In a similar manner, the boiling points of the acids of the stearic 
series rise with an increase in the number of carbon atoms The higher 
members cannot be distilled under the ordinary atmospheric pressure 
without suffering more or less decomposition, but may be distilled un- 
alteied under diminished pressure The table shows the boiling points 
of some of the steal ic series under diminished pressure 

Similarly, oleic acid may be distilled in a vacuum, or in a current of 
supei heated steam at 250° C , without material alteration , but if dis- 
tilled with contact of air it is partially decomposed, with formation of 
carbon dioxide, paiaffinoid hydrocarbons, and acetic, caproic, caprylic, 
capric, sebacic, and other acids 

In the following tables the acids of the different senes are arranged 
together. Their lelationship is evident from the following list of the 
acids containing 18 carbon atoms in the molecule' — 

C 18 H 3b Oj, Stearic Acid C] 3 H 30 Cb, Lmolemc Acid , Isolinolemc 

Acid 

CiaffuO,, Oleic Acid , Ela'idie Acid Ci a H 34 0 3 , Ricmolic Acid , Isoricinojic 
Acid 

C 18 H„Oj, Luiolic Acid , Steaiolic Acid Riciuelnidic Acid , Rapic Acid 








Oleic Series, CaET^Oj o? C a H 2n _ 1 COOH. 





E Hitinolic acid combines with two atoms of bromine or iodine, 
docs not oxidise in the air, is guidunlly solidified by nitious acid, and 
fmtns a lead salt soluble m ether With potassium permanganate in 
alkaline solution it yields a tnhydioxysteni ic acid No homologues 
of liumolic acid aie known and the isomers have been little studied 

Recognition and Determination of Fatty Acids 

The methods available foi the detection and to some esteut for the 
deteiminatimi of the higher fatty acids are based on the characters 
just described In many cases it is tinnecessaiy to effect actual sepa- 
ration of the fatty acids in a mixtuie, it being sufficient to asceitain 
the joint amount, m to deteinune liidncctly and appioximately the 
piopoition of the acids of diffeient ougin known to he present. 

Mrmoirt noi Invoiaino Separation 

a Fieo fatly acids can be nccuiately determined by titration in alco- 
holic solution with standaid caustic alkali, using phenolplithaleiu to 
indicate the point of neutiality. The mode of operating is fully de- 
scribed on page 104 Neutral bodies — eg, fats and hydrocarbons — 
do not liiterfcie. Mineral acids and acid salts must first be removed 
by agitation with wntei, or determined by titiation in alcoholic solu- 
tion with methyl orange as indicator and resin acids must be separated 
or duly allowed for In the case of a mixtuie of several fatty 
acids the result is best expressed in terras of the principal or most 
characteiistic acid piesent, and in most cases such a mode of state- 
ment gives a close approximation to the total of the free fatty acids 
present 

Convei-ujly, when the substance under examination consists wholly 
of a mixture of fatty acids, titration with standaid alkali suffices to 
ascertain the mean combining weight of the mixed acids This is 
found by dividing the number of milligrams of fatty acids employed 
foi the titiation by the number of cubic centimetres of noiraal alkali 
lequired fin neutiahsation (see page 237). 

In cases of a mixture of two homologous acids, the nature of which 
is known or can be nseei tamed by other means, the result of the titra- 
tion gives the means of ascertaining the proportions in which the two 
constituent acids exist in the mixture An example of the application 
of the method to this purpose is given on page 241. 

b The method of Koettstorfei (page 56) may be regarded as a 
process of approximately ascertaining the mean combining weight of 
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the fatty acids of an oil without actually isolating them. If the saponi- 
fication-equivalent of the oil be multiplied by 0 95, the mean combin- 
ing weight of the acids will be obtained with tolerable accuracy. The 
method is, of course, only applicable to oils yielding approximately 95 
per cent of fatty acids on saponification With oils like shaik and 
sperm oil and the true waxes the piocess is quite useless. With pure 
esters it is in some respects preferable to a titration of the pieviously 
isolated fatty acids, as theie is less danger of alteration by oxidation 
or the loss of soluble fatty acids m the course of preparation. 

c The titiation of a mixture of oleic acid with acids of the steaiic 
series by means of Hubl’s reagent (page 64) allows the former con- 
stituent to be detei mined with considerable accuracy. As 282 parts of 
oleic acid, Ci 8 H 31 02, assimilate 254 paits of iodine, I 2 , the iodme-absoip- 
tion divided by 0 9 gives the peicentage of oleic acid present. Lmolic 
acid and its homologues assimilate I 4 , and hence their presence renders 
the determination of the oleic acid excessive, but the method is still 
applicable if the mode of calculation be modified accordingly. Oleic 
and lmolic acids have so very nearly the same molecular weight 
(282 280), that the latter maybe regaided as absoibing twice as much 
iodine as the foimer, or 180 per cent against 90. Hence, if 90 be sub- 
tracted fi om the observed iodine-absorption of the mixed acids, and the 
diffeience be divided by 0 9, the dividend will be the number of parts 
of lmolic acid in 100 parts of the mixtuie. If acids of the stearic 
series are also piesent, they must be sepaiated or duly allowed for in 
making the calculation, which is vitiated if hnoleuic acid also be pres- 
ent. If the percentages of steaiic, oleic, and lmolic acids in a mixture 
of the three be represented respectively by s, o, and l, and iodine-absorp- 
tion by A, then, the value of 8 being known, the proportion of the 
liquid acids will be found by the following equations • — 
o = 200 — lll A, and 2 = 100 — o — s 

d Useful information respecting the fatty acids piesent can be ob- 
tained by detei mining the melting point or solidifying point of the 
substance. When the mixture consists meiely of two acids of the 
stearic series, the detei mmation affoids a means of approximately 
ascertaining their relative proportions The melting points of various 
mixtures of the acids of the stearic series have been determined 
by Heintz, and are given in a tabular form on page 242 et seq. 
The melting and solidifying points of the fatty acids from different 
fixed oils are more or less characteristic of their origin, as also are 
their specific gravities and mean combining weights. 
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The following table gives data obtained in the author’s laboratory. 
The fatty acids were prepared as follows —The oil was saponified 
with alcoholic potash, the alcohol evaporated, and the residual soap 
dissolved m hot water and decomposed by dilute sulphuric acid. The 
liquid having been well boiled, the separated fatty acids were filtered 
thiougli paper. The higher alcohols of the sperm and bottlenose oils 
were removed by agitating the solution of the soap with ether, the 
ethereal layei separated, and the ether dissolved in the aqueous liquid 
got rid of by warming before liberating the fatty acids In the case 
of the other oils the trifling proportion of unsaponifiable matter was 
ignored. 



The following results have been communicated by other observers ; — 


Source or 


Tallow, lard, or oli 
Castor ail , . 
Coyonut oil . 

Palm ml. . 

Palmnut oil , 
Cottonseed oil 
Sosimio ml 


270-285 
200-205 
1 06-201 


275 

286 
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The following table gives the melting points and solidifying points 
of the fatty acids as determined by various observers • — 



The variations in the melting and solidifying points are in great 
measure due to the different methods of observation adopted. 

The figures have, in some instances, considerable practical value. 
Thus, the high melting point of the fatty acids obtained on saponification 
distinguishes cottonseed oil from nearly all other liquid fixed oils of vege- 
table origin, and enables its presence to be inferred m admixture with 
other oils ; the melting point of the acids from cacao butter is remark- 
ably constant, and is sometimes useful as a test of the purity of the fat , 
while the solidifying point of the acids from palm oil affords a practical 
indication of the value of the sample to the candle manufacturer. 
The same remark applies to the fatty acids of tallow, and a table has 
been constructed by Dalican (page 172) by which the proportion of 
oleic and solid fatly acids which a sample of tallow will yield can be 
deduced from the solidifying point of the mixed acids 
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Separation or Mixed Fatty Acids. 

The actual tcpaiuhon of mixed fatly acids is often a problem of 
extreme difiiculty, and indeed cannot in all cases be satisfactorily 
solved in the picscut condition of chemistry. Methods for effecting 
Lhe lecogmtion and sepaiation of the lower members of the stearic 
senes will be found in Volume I , page 485 etseq. _ The principles which 
have been applied to the fatty acids enumerated in the tables on page 
232 et sc q include the following — 

1 The mixed fatty acids are well washed by agitation with hot 
watei, when those containing 10 atoms or fewer of caibon are dissolved. 
This piocess is applied to the analysis of the fatty acids from butter 
(page 190) 

2 The mixed fatty acids obtained by treating the soaps with a 
modeiato excess of dilute sulphuric acid arc distilled with water, cither 
with or without tho aid of a current of open steam (page 51) This 
method allows a moie or less complete sepaiatiou of the homologues 
up to Inline acul fium the bighei members of the stearic series 

3. The acids are coiiveited into barium salts, and the precipitate 
treated with water or alcohol. The barium salts of lower members up 
to capric acid can be dissolved out by boiling water (page 192). 

4. The alcoholic solution of the acids is precipitated by magnesium 
acetate. By operating fiactionally some useful separations may be 
effected (see below). 

5 The acids aie converted into lead salts, which are then treated 
with elhei oi alcohol An application of this principle enables oleie 
acid and Us homologues to be separated from the higher acids of the 
stearic series 

G. Fractional distillation, fractional fusion and pressure, and frac- 
tional solution in or eiystalhsntion from alcohol or other solvents, are 
other processes employed for the sepaiation of the fatty acids. 

No precise method of separating oleic acid and its homologues from 
linohc acid has hitherto been devised Possibly one might be based 
on the conversion of the acids of the oleic Benes into isomeis of higher 
melting point and modified pioperties by meaus of nitrous acid 
Methods 1,2, and 3 have already been sufficiently described, and those 
under 6 do not require further notice. Methods 4 and 5, however, aie 
described in detail below. 

Stpui ution of the Hiffhet Fatty Acids of the Stearic Sei ics — The higher 
homologues of the sLearic series can be separated flora the lower mem 
beis by treatment with hot water or distillation with water and open 
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steam, and fiom the insoluble and non-volatile acids of other series by 
tieatmeut of the lead soaps with ether. By proper application of these 
methods theio may be obtained a mixture of solid, non-volatile hotno- 
logues of steanc acid, which, according to its origin, may contain moie 
oi less laiinc, mynstic, palmitic, stearic, arachidic, and other less fre- 
quently occuiring acids of the senes. The separation of these homo- 
logues is extremely difficult, and a quantitative detei mi nation of several 
immediate horaologues occurring together in a mixture is especially so. 
Advantage may be taken of the limited solubility of arachuiie acid in 
alcohol to effect its separation, as is done in Renard’s process foi the 
detection of eaithnut oil (page 134) j and indeed the solubility of the 
horaologues m alcohol rapidly increases with a diminution of the num- 
ber of carbon-atoms in the acid. For the actual separation of the 
higher homologues of the steal ic senes from each other, however, the 
most satisfactory method is that of Heintz (Jou? / Pract. Chm., 
lxvi. 1), based on fractional piecipitation of the alcoholic solution of 
the acids with magnesium acetate. This salt precipitates acids of the 
steanc series move easily than it does oleic acid and its homologues, 
and, of the different homologues of the steanc series, those of the 
highest molecular weights are thrown down first. In practice, 40 grm. 
of the mixed fatty acids should be dissolved in such a proportion of 
hot alcohol that nothing will sepaiate on cooling, even at 0°, and the 
hot liquid treated with a boiling alcoholic solution of 1J grm of 
magnesium acetate. The liquid is well agitated and allowed to become 
cold, when the precipitate is filtered off and the filtiate treated with a 
fresh quantity of alcoholic magnesium acetate. This second piecipitate 
is similarly separated, and the treatment repeated as long as anything 
is thrown down. To induce precipitation of the lower homologues, it 
becomes necessary to render the liquid alkaline with strong ammonium 
hydroxide before adding magnesium acetate, and to allow the solution 
to stand in the cold for twenty-four hours before filtering The first 
fractious of the precipitate contain magnesium stearate and any higher 
horaologues, the succeeding portions will consist chiefly of magnesium 
palmitate, and the last will probably contain mynstate; but a poition 
of the myristic acid, the whole or nearly the whole of the lauric acid, 
and any oleic acid which may be present will remain m solution, and 
may be precipitated by addition of lead acetate after neutialising the 
excess of ammonium hydroxide with acetic acid. The precipitate 
should be filtered off, washed with cold dilute alcohol, and, if oleate be 
present, treated with ether. The purified lead precipitate and the 
various magnesian precipitates should be washed with cold alcohol, 
vol nr— 16 
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pressed, and decomposed hy hot dilute hydrochloric acid, the liberated 
fatty acids being washed fiee fiom mineral acid by repeated agitation 
with hot wator, and further treated as described on page 51 The 
details of the fractional precipitation should be modified to suit par- 
ticular cases, and in some instances separation into a smaller number 
of fractions will suffice. 

The several fractions of fatty acids thus obtained, after being 
weighed if desired, should then be titrated with standard alkali in the 
manner described on page 104. Five grm of each fraction will be a 
suitable quantity, and this should be tieated with about 30 e.c. of 
warm spirit (neutral) and titrated with a seminormal solution of 
caustic soda, a few drops of a solution of phenolphthalein being em- 
ployed as an indicator, and an accurately divided burette being used 
The mean combining weight of the acids constituting a fraction is 
found by dividing the number of milligrams of fatty aculs employed 
by the number of cubic centichetres of normal alkali required for their 
neutralisation. Thus, if 5 grm weight of a fraction has been found 
to require 37 80 cc of seminormal alkali for its neutralisation, the 
mean combining weight of the acids will be 264 5, fori — 


As a rule, if the mixed fatty acids be divided into a sufficient num- 
ber of fractions by precipitation with magnesium acetate, each fractiou 
will contain only two homologues, m which case the result of the titra 
tion not only indicates the natuie of the homologues present, but in 
many cases allows of their relative propoi tion being calculated Thus, 
if, in the course of a systematic fractional precipitation as magnesium 
salts, a fraction of fatty acids be obtained having a mean combining 
weight of 264 5, it will almost certainly consist essentially of a mixture of 
stearic and palmitic acids, the former of which has the molecular weight 
284 and the latter 256, the difference being 28. Hence, every 1 per cent 
of stearic acid in the mixture will raise the combining weight '28, or 
for every unit above 256 fouud for the combining weight of the fraction 
3'57 of steanc acid should be calculated As with all mdiiect methods 
of the kind, the results obtained are fairly satisfactory when both con- 
stituents are present in considerable proportions, but are of little value 
foi mixtures in which one constituent very largely predominates. 

The titration having been completed, the alcohol may be boiled off 
and the fatty acids again libeiated and subjected to renewed fractional 
precipitation or crystallisation from alcohol. The products so obtained 
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can be again titrated, and thus the progress of the isolation and purifi- 
cation of the fatty acids checked m a simple and satisfactory manner. 

Valuable information respecting the composition of the various frac- 
tions obtained by the precipitation as magnesium salts is obtainable by 
determining the melting points of the fatty acids For this purpose 
they should be purified by single crystallisation from hot alcohol, and 
dried by pressure between blotting paper Unfortunately, the melting 
point of a mixture of two or more homologous fatty acids is not the mean 
of the melting points of the constituent acids. The meltmg points of 
various mixtures of solid fatty acids have been very carefully deter- 
mined by Heintz, who has also noticed that the mixtures, on solidifying, 
crystallize in more or less characteristic foims, or remain amorphous, 
according to the proportions m which the constituents are piesent. The 
following aie some of the more important of the lesults of Heintz — 


Mixtures of Lauric Acid with its Higher Homologues 



Mixtures of Myristic Acid with its Higher Homologues. 
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Mimuui s or PALMirio A< id w ith Sii ark, Acid 



Heintz also noticed that the addition of a third acid, even of 
higher melting point, to a mixture of two homologous acids causes 
a loweung of the melting point This is shown in the following 
table — 



The determination of the melting point of a mixture of two or more 
fatty acids taken alone is evidently incapable of giving very definite 
information; but if the obseivntion be associated with other data very 
useful inferences can be drawn Thus the following mixtures of 
homologous fatty acids melt at nearly the same temperature, but may 
be distinguished by determining their combining we.ghts, by titrating 
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them in alcoholic solution with standard caustic alkali and phenol- 
phtkalem (page 242) 


Melting Point 


Natube op Mixed Fatty A 


A method of examining fatty acids, proposed by Benedikt and Ulzer, 
consists in preparing the acetyl derivatives and then ascertaining the 
amount of alkali required for saponification ; 50 grta. of the fatty acid 
are boiled with 40 grm. of acetic anhydride, under an inverted con- 
denser, for two hours. The product is boiled with about 600 c c of 
water, washed till free from acid, dned, and filtered. A known weight 
is then dissolved in alcohol and directly titrated with standaid alkali. 
Another quantity is then saponified with a known quantity of KHO, as 
m Koettstorfer’s process, and the excess of alkali determined by titra- 
tion with standard acid and phenolphthalem Benedikt and Ulzer 
(Monatihefte, Jan , 1887) give the following figures obtained by the 
process — 


Source op Fatty Acids 

Obioinal Acids 

Acetylated Acma 

KHOp c foi 
Neutralisation 

Mean Combin- 
ing Weight. 

Without Sap- 
onifying KHO 
P c 

With Saponifi- 
cation KHO 

Nut oil, . 

Cottonseed oil . . 

Croton oil 

Hempsocd oil ... 

Almond oil . . 

Olivo oil . 

Castor oil 

20 48 

10 98 

2010 

19'94 

2016 

19 71 

17 74 

273 9 

280 8 

270 1 

2813 

278 3 

284 0 

316 2 

16 80 

10 57 

10 57 

19 08 

19 85 

19 73 

14 28 

20 58 

21 21 

20 42 

20 43 

20 23 

29 02 


The process of Benedikt and Ulzer is based on the assumption that 
only hydroxylated fatty acids (e g , ricinolic acid) form acetylated 
derivatives when heated with acetic anhydride, the others remaining 
unaltered, so that m the latter case the proportions of alkali required 
will be approximately the same before and after acetylisatiom Lew- 
kowitsch (J. S.C I, ix 842) has published lesults which appear to pi ove 
conclusively that the reaction with acetic anhydride is not so simple or 
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the figures so lehable as was supposed Acetic anhydride appeals to act 
on stearic acid to foim stearic anhydride and acetic acid After washing 
With water the steal ic anhydiule is hut slowly hydiolyscd by aqueous 
potash, but if dissolved in alcohol and titrated with caustie alkali, it 
undergoes immediate hydrolysis, and hence neutinlises the alkali, just 
like stearic acid This fact prevented Benedikt and Ulzer fiom dis- 
covering the change The other higher fatty acids behave similarly 
Lewkowitsch points out that, m the light of his researches the presence 
of hydioxvloted fatty acids (c.t/., ricinolic acid ) cannot be safely 
infernal unices the diffei cnee in the amount of alkali tequired for neu- 
tialihing the fatty acids before and after tieatmeut with acetic anhy- 
dnde exceed', the limits of possible experimental erroi He suggests 
that wliae the pie-ence of hydioxylatecl acids is proved, the best 
inf thud of estimaiing the amount will be to saponify the acetyl, ated 
acid, with alcoholic potash, boil off the alcohol, acidulate with sul- 
phimc acid, distil off the acetic acid, and ascertain its amount by 
titration of the distillate. 

Separation of Acids of ihe Stcanc Senes f am Fatly Acids of other 
Set us — The lngliei honiologues of the stearic series of fatty acids beiDg 
solid at oidinary temperatuies, while the fatty acids of other senes (e g , 
oleic, hnolic, ncmolic.) .ne liquid, a moie or less complete separation 
can be effected by subjecting the nuxtuie to filtration or piessure 
The latter plan is employed with considerable success on a laige scale 
Crystallisation fiom -hot alcohol also seives to fiec the solid fatty acids 
from those fluid at oidinaiy temperatures, but neither plan allows of 
the latter being obtained even model ately free from admixed solid 
acids, and such methods aie quite useless for quantitative work 

A geueial method by which steal ic acid and its liomologues may be 
sepal ated fiom oleic and other liquid fatty acids, is based on the fact 
that the lead salts of the acids of the stearic senes aie almost insoluble 
m ether, w hile the corresponding compounds of the other fatty acids 
aie soluble. Since the lead salts of the solid acids are not wholly 
insoluble in other, and those of tho diymg fatty acids are not completely 
dissolved, the results me not strictly accurate. The best method of 
opeiatmg is prohablyth.it of Mutei and De Koningh Three grm 
of the fat should be tieated, m a flask fin rushed with a long tube, with 
60 c c of alcohol mid a fiagoient of potassium hydroxide The con- 
tents of the flask aie heated to boiling till saponification is complete, 
when a (hop of phenolphth.ilein solution is added and acetic acid until 
the solution is slightly acid An alcoholic solution of potassium 
hydroxide is then added drop by drop until a faint permanent pink tint 
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is obtained, when the liquid is slowly poured, with constant stiiring, 
into a beaker containing a boiling solution of 3 grin, of neutral 
lead acetate in 200 c.c. of water. The solution is rapidly cooled and 
stmed at the same tune, to induce agglomeration of the precipitate, and 
the clear liquid is pouied off The precipitate is well washed, by decan- 
tation, with boiling water and transferred to a stoppered bottle, in which 
it is tieated with 120 cc of ether and allowed to remain twelve hours 
(Wallenstein and Fmck use a Drechsel gas-washing flask having the 
tube shortened about two-thirds, to contain the etheieal solution, and 
pass a current of hydrogen through it for about a 
minute. In the case of white fats the liquid is said 
to lemain practically colorless at the end of twelve 
hours, but if free access of air is permitted, a daik- 
yellow solution is produced by oxidation) Lead 
oleate, hypogeate, lmolate or ncinolate will be dis- 
solved by the ether, leaving lead laurate, mynstate, 
palmitate, stearate, and aracbidate undissolved 
Lead erucate is sparingly soluble m cold ether, but 
readily in hot The contents of the bottle are 
filtered through a covered filter into a Muter separ- 
atmg-tube (Fig 10), 40 c c of dilute hydrochloric 
acid (1 . 4) added and the tube shaken till the 
clearing of the ethereal solution shows that the de- 
composition of the lead soaps is complete The 
aqueous liquid, containing lead chloride and excess 
of hydrochloric acid, is run off through the bottom 
tap, water added, and agitated with the ether and 
the process of washing by agitation repeated until 
the removal of the acid is complete Water is then 
added to the zero mark and sufficient ether to bring Fig io. 
the ether to a definite volume (e g , 200 c c.). An 
aliquot portion of this (eg, 50 cc) is then removed through the 
side tap and the residual fatty acid weighed after evaporation of the 
ether in a current of coal-gas or carbon dioxide. Another aliquot 
portion of the ethereal solution should be distilled to a small bulk 
(avoiding complete evaporation of the ether), alcohol added and the 
solution titrated with decinormal potassium hydroxide and phenol- 
pbthalem, from which the fatty acids may be calculated from the 
result, or their mean combining weight deduced therefrom A third 
aliquot part of the ethereal solution should be evapoiated at about 
60° C in a flask traversed by a rapid stream of dry carbon dioxide. 
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“When every trace of ether is removed; 50 c c of Hold's iodine solution 
should be added, tho stopper inserted and the liquid kept in absolute 
daikness foi twelve hours, after which an excess of potassium iodide 
Solutiou is added and 250 c.c of water, and the excess of iodine ascer 
tamed wid* thiosulphate solution in the usual way. From the lesult 
the iodine value of the liquid fatty acids is calculated, and an opinion 
maybe formed respecting tho propoitfous of oleic, linohc, and other 
unsaturated acids present 

The following table shews the results obtained with various fats and 
oils : — ■ 



If it be desired to estimate stearic acid and its homologues, the lead 
soaps insoluble in ether should be detached from the filter and heated 
for some time with dilute hydrochlonc acid, the liberated fatty acids 
being allowed to solidify, and then removed and weighed The prod- 
uct may contain aracliidic, stearic, palmitic, mynstic, and lam ic acids, 
besides the less commonly occurring acids of the same scries. A modi- 
fication of the method specially suited for the determination of 
araebidje acid is described on page 134 If it be found impossible to 
remove the whole of the fatty acids from the filter, the latter should 
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be treated with hot dilute hydiochloiic acid, and then washed with a 
mixtuie of alcohol and ether, the fatty acids being recoveied by 
evapoiating the solution so obtained 

Rose ( J S G I., 1897, 306) recommends the following pioeess- In 
preparing the fatty acids fioni the fat, gieat care must be taken to 
avoid oxidation The fat is saponified with an alcoholic solution of 
potassium hydroxide, decomposed with sulphuric acid, cooled, and the 
fatty acids transferred to a graduated tube and shaken with an equal 
volume of ether When clear, the amount of fatty acid is determined 
in a portion of the ethereal solution on evaporation, the residue being 
dried in a current of dry carbon oxide before weighing A definite 
volume of the ethereal solution corresponding to about 1 grin, of 
the fatty acids is then transferred to a 100 c c. flask, with an excess 
of lead oxide, diluted to about 80 c c with ether, and then allowed to 
stand in a cool place until the solution becomes strongly alkaline, which 
will require two to four days, with occasional shaking The liquid is 
made up with ether to exactly 100 c c Fifty c c are passed through 
a small filter mto a taied flask, the filter being kept full as long as 
possible, and then evaporated to diyness out of contact with the air 
After weighing, the lead m the lesidue is deteimined as lead sulphate. 
Trial experiments with oleic acid gave very satisfactory results. 

Twitchell (J iS G 1, 1895, 516) recommends the use of petroleum 
spirit volatile at 80° C ,in which lead stearate aud palmitate aie much 
less soluble than in ether, but consideis Rose’s method applicable only 
when the original f.it is peifectly fresh 

Hnlphen and Bishop ( Analyit , 1894, 282) recommend Sear’s method of sepa- 
ration, us follows —Ten grin of the tatty acids aro dissolved in 200 c c of 
carbon disulphide m a 200 c c flask To the solution 6 grm of zinc oxide are 
added, the flask well corked, and shaken at intervals for six hours The soluble 
zinc salts are sepaiated from the insoluble by titration The filter is well washed 
with carbon disulphide, the washings being added to the soluble salts in the 
tared flask The carbon disnlphide is distilled off, and the residue dried for an 
hour at 90°, while a cuirent of dry air is passed over them The lucienso m 
weight shows the quantity of zinc salts furnished by the liquid part of the fatty 
acids To estimate the combined zinc, 50 c c of normal sulphuric acid are 
added, with constant shaking, until all the acids are liberated The liquid in 
the flask, excluding the layer of fatty acid, is made up to 200 c c Rather more 
than 100 c c are removed with a pipette and filteied 100 c c of the cleat 
filtrate are then titrated with normal sodium hydroxide, from the lesult of 
which the weight of zinc combined with 100 grm of the fatty acid can ho cal 
culated This is also an index of the molecular equivalent of the acids. The 
iodine number is determined directly on the acids 

The zinc salts soluble m carbon disulphide, left on the filter, are decomposed 
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by boiling with hydrochloric acid and their iodine number taken The soluble 
7,ine salts obtained from pnro lard, beef suet, and mutton suet are ot an amber 
color, ivlnle those domed from cottonseed oil acids or from lard adulterated with 
cottonseed oil are orange red 

Iodmo numbers for the liquid fatty acids from carious sources were iouml ns 
follows American lard, 91 95 , French lard, 8S 61 ; beef tallow, 75 60 , mntton 
tallow, 80 26 , cottonseed oil, 129 03. 

Hehner and Mitcliell have devised the following method for the 
dcteimination of skarie, acid — Prepare a supply of alcohol saturated 
at 0° C. with pure stearic acid oi with stearic acid which only contains 
traces of palmitic acid. Dissolve fiom 0 5 to 1 grm of the mixture 
of fatty acids to be examined, 
if these are solid, or about 5 
grin if fluid, in about 100 
cc. (exact measurement is 
not necessary) of the stearic 
alcohol solution. Leave this 
liquid in an ice-bath over 
night, agitate the mixture 
next morning and allow to 
stand m ice for a Bhort time ; 
filter off while the mixture 
remains in ice, wash with 
stearic alcohol solution at 0° 
C., dry and weigh. Deter- 
mine the melting point of the 
piodnct which should not 
be much less than 68 5° C. 
Since the sides of the interior 
of the flask, as well as the 
residue of crystallised stearic 
acid retain a small amount of the alcoholic solution, a correction 
experimentally found to be 0 005 grm has to be applied, this amount 
being deducted from the total weight found. In their experiments 
the authors used methylated alcohol of specific gravity 8183, but 
obviously the exact strength is a matter of no consequence. 

Por maintaining a constant temperature, Hehner and Mitchell used 
an ice-chest consisting of a metal box with sockets soldered to its sides 
to receive clamps for holding flasks, submerged to the neck in ice- 
water, m which the detei minations were carried out. The metal box 
was fitted in a wooden box, and the space between the metal and wood 
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was packed with wool and sawdust, while a cushion of wool and flan- 
nel was placed between the lids of the metal and wooden boxes. 

For the preparation of the stearic solution about 3 grin, of pure 
stearic acid were dissolved in about a liter of warm alcohol of specific 
gravity - 8183, and the stoppered bottle containing the solution placed 
over night in the ice-water (which contained lumps of ice) in the 
chest, so that the bottle was submerged up to the neck After twelve 
hours a consideiable portion of the stearic acid had ciystnlhsed out. 
The saturated mother-liquor was syphoned off without removing the 
bottle from the ice-water The filteung syphon consisted of a small 
thistle funnel twice bent at right angles, fitting with its straight limb 
into a flask in connection with a suction pump. The bulb of the 
funnel, which was submerged in the ice-cold solution, was covered 
ovei with a piece of fine calico. On applying suction, a peifeetly clear 
steal ic solution was obtained, saturated at 0° C , or, rather at 0 2° C , 
which was the temperature almost constantly shown by a standard 
thei mometer. 

A precisely similar mode of filtration was also adopted m the quan- 
titative experiments on mixed fatty acids, the thistle funnel used being 
a miniature one, with a bulb not larger than about i of an inch in 
diameter. (See Fig. 11 on opposite page.) 


Determination of Stearic Acid in Miscellaneous Fats. 



T <SS" 

IODINIt 

Ndmbph 

Steahic Acid 

0 005 Gum 

PliBCEKTAQr IS 
Fat iy Acios 

Beef stearin 

Olcomargarin 

Margnrin I 

„ II 

Horse-kidney fat 

Cotton oil “stearin” 

Stilllngia tallow .... . 

Cacao butter .. .... 

Maize oil 

Almond oil ... . . . 

OUveoil 

Earthnutoil ... ... . 

0 3024 

0 4174 

1 0107 

0 5102 

1 1100 

1 0035 

0 5000 

0 701 

0 9946 

10108 

0 0548 

5 4188 

6 0230 

6 5558 

1 0848 

20 

48 50 

41 19 

85 4 

22 87 

122 

95 88 

0 1518 

0 2131 

0 2295 

0 1104 

0 2830 

0 2405 

0 0580 

“VoTr 

I°Ht 

no deposit 
no deposit 

n °0 < 0 < 75l' 

(M P 87° C ) 

50 19 

51 05 

22 

21 28 

23 6 

11 72 

3 3 

40 8 

7* 0 


Numerous determinations of the stearic acid in butter were made. 
In many cases none, or a minute quantity only, was found. In some 
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cases phenomena of supcrsatuiation apparently occurred On the 
fust examination in the morning the solution was perfectly clear, but 
aftei shaking the contents and allowing to stand some time longer in 
the ice, a small but inci casing quantity of crystals formed 

The method appeals to bo inapplicable to the fatty acids from Japan 
wax. Piom mixtures of these with pure stearic acid, the latter could 
ouly he recovei ed pai tially, and in some cases not at all 

Otlioi methods of separating oleic from stearic acid, or of deter- 
mining the forraei in mixtures of the two are described on page 262 
A method for sepaiating oleic from palmitic acid is also described on 
page 262 

Separation of Fatly Acids Jrom Iicsin Acids. — As already pointed 
out, Twitehell’s method has been found to be the most satisfactory (see 
page 107) 

Sep a) ation of Fatty Acids fi om Soaps, Hydrocarbon Oils, &c. — The 
determination of the constituents of complex mixtures of fatty acids 
with neutinl oils, hydrocarbons, &c., has already been described (see 
table on page 117) Small quantities of neutial fats contained in fiee 
fatty acids may he detected by dissolving the substance m hot alcohol 
and adding a few drops of stioug ammonium hydroxide to the solu- 
tion, iu the presence of mere tiaces of neutral fat, the solution is 
rendered tuibid 

Palmitic Acid. 

Fi ench- — Acide palmitique German — Palmitinsaure. 

C ls H 3 A = C 15 H 5l COOH. 

The glyceride of palmitic acid occurs largely in palm oil, Chinese 
tallow, the fat of coffee-beans, coconut oil, butter-flit, tallow, and lard. 
Palmitic esters of monatomic radicals exist in spermaceti, beeswax, 
and opium wax 

Palmitic aeid is conveniently prepared from palm oil, which should 
be saponified with potassium hydroxide, the solution of the resultant 
soap decomposed by dilute sulphuric or hydrochloric acid, aud the 
liberated fatty acid purified from the accompanying oleic acid by re- 
peated crystallisation from hot alcohol, till the pressed crystals have a 
melting point of 62° C 1 It is manufactured on a large scale by the 
reaction of potassium hydroxide upon oleic acid at a high temperature, 

1 Chittenden and Smith prepare pnhmtio acid fioin myrtle wax, which is said to con- 
tain only Inline acid In addition. By repeatedly ciystallising tho separated fatty acids 
from hot alcohol, pure palmitic noid, molting at 62°, is readily ohtaincd 
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01 by saponifying palm oil and pressing the fatty acids obtained. The 
ptoduct is commonly, but improperly, called “ palnutme ” 

Palmitic acid is a white substance, melting at 62° G. to a colorless oil, 
which solidifies on cooling to a white, finely crystalline mass It is in- 
soluble in water or dilute acids, but is soluble in alcohol, ether, carbon 
disulphide, hydrocaibons, and fixed oils It cannot be distilled with- 
out decomposition undA the ordinary pressure, even in the absence of 
air , but under a pressure of 100 mm of mercury boils constantly at 
268 5°, and distils practically unchanged 
Palmitic acid 13 but slightly soluble in cold alcobol. flehner and 
Mitchell ( Analyst , 1896, 323) have found 100 c.c. of methylated alco- 
hol (94 4 per cent by vol.) to dissolve the following quantities after 
being kept at 0° C. for the time stated. 


No or Houns 
12 


60 

84, 


Gum Dibsoi.vcd 
1 298-1 820 
1244, 

1211 

1134 


No opHoiibs 
108 
132 
156 


Gum Dissolved. 


The hot alcoholic solution has an acid reaction, and on cooling deposits 
the acid in tufts of small white needles 
Crystallisation from hot alcohol may be employed to separate pal- 
mitic acid from oleic acid, and, if repeated sufficiently often, from its 
lower homologues myiistic and launo acids Mixtures of palmitic acid 

with certain proportions of mynstic or lauric acid are, however, said 
to be incapable of analysis by fractional crystallisation from alcohol or 
ether Mixtures of these homologous acids m certain proportions melt 
at a lower temperature than either acid separately. The method of 
ascertaining the composition of such mixtures, including those con- 
taining stearic acid, is described on page 241 et seq 
A method of separating palmitio acid from oleic and linolic acids 
and their homologues is given on page 246. 1 A method of separating 
palmitic and oleic acids, which is useful for analysing the product 
obtained by saponifying palm oil by the autoclave process, is described 
on page 262 Commeicial palmitic acid may be examined in the 
same manner as stearic acid. 

Metallic Palmitates —These present the closest resemblance to 

1 Chittenden and Smith (Amer Ohem Jour , vi 217) find that the presence of free 
noetic acid mcrensos tbo solhbihty of barium, magnesium, and lend palmitates in alcohol 
to such an extent as to render tbo separation of tbo aold in these forms incomplete. 
Further, tho precipitates undergo partial decomposition whon washed, oithor with water 
or with alcohol containing aootio acid 
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the corresponding stearates (page 25G ei seq ), mid require but little 
separate description Barium, magnesium, and lead palnntatea are 
more readily soluble in alcohol, especially in presence of acetic acid 
than are the coriesponding stearates 

Adipocere, a wax-like substauco found m large quantity in corpses 
buried under certain conditions, is said to consist largely of palmitic 
acid mixed with potassium and calcium palmitntes. 

Aluminium Palmilute may be prepared in a manner similar to the 
couespomling oleate. It is an elastic amorphous mass, insoluble in 
water, but dissolving m petioleum spirit and oil of turpentine to foim 
very viscid solutions which have found applications as varnishes. The 
film of aluminium soap left on evapoiation retains its elasticity, and 
is odorless and impervious to watei (see J S. G. I, 1882, 278). 
Aluminium pahmtatc has some practical mteiest as ail ingredient of 
“oil pulp” oi “ thickener 

Palmitic Esters — These present a close aualogy to the corre- 
sponding stem ates 

Tnienyl Pulmitutes or Palmitins are obtainable synthetically by 
means similar to those employed for the preparation of the stearins. 
Chittenden and Smith {Amor. Chem Jour., vi. 217) have given the 
following data — 


tlbolutL alcohol, all 
llShOllB, 1 

joliuhc solution, 
Appearance of fal deposited 


20-21° C 
ppearance of fal deposited 


Small sphorulos, 
shnwlin, no distinct 
crystalline lurm 

Rhombic plates, 


An isomeric modification of dipalmitin was obtained melting at 49° 
C. and solidifying at 47° to 48°. There was also obtained a very 
stable mixture of one part of palmitin with three of dipalmitin. This 
product crystallised from alcohol in bunches of needles, which melted 
at 68° to 69° and solidified between 64° and 67°. 
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Stearic Acid. 

Ft cnch — Acido stem ique. German — Steai instill re ; Talgsaure. 
0*0,= C„H 35 COOH. 


The tritcnyl ester of this acid occuis extensively in nature, especially 
in the haidei fats of the animal kingdom, such as mutton and beef suet 

Stearic acid may be prepared puie by saponifying tallow with 
potassium hydroxide, decomposing the solution of the resultant soap 
with a dilute acid, and punfymg the libeiated fatty acids from oleic 
acid by ciy&tallisation fioin hot alcohol The pressed crystals consist 
essentially of a mixture of steanc and palmitic acids It should be 
purified by recrystallisation, and 4 parts dissolved in such a proportion 
of hot alcohol that nothing will separate out on cooling to 0° A solu- 
tion of 1 pait magnesium acetate m boiling alcohol is added and the 
liquid allowed to cool, when magnesium stearate will separate (page 
241) The piecipitate is filtered off, washed with cold alcohol, boiled 
with water and hydrochloric acid, and the purity of the resultant 
stearic acid pioved by a careful determination of the melting point, 
which should be 69 2° C. 

The commercial product commonly termed ‘Stearuie” really consists 
essentially of a mixture of free stearic and palmitic acids, aud may be 
conveniently employed for the preparation of pure stearic acid, instead 
of tallow or other fat The “stearmc” may be at once dissolved in 
hot alcohol and the solution piecipitated with magnesium acetate as 
above described. Commercial stearuie often contains a considerable 
admixtuic of paraffin wax or other liydrocaibons, the absence of which 
should be proved befoie employing the substance for the preparation 
of stearic acid. 

Shea-butter, when obtainable, may he conveniently employed as a 
source of steano acid, as the fatty acids produced by its saponification 
consist solely of stearic and oleic acids, which can be separated per- 
fectly by repeated ciystallisations from hot alcohol. 

Steanc acid presents the closest resemblance to palmitic acid, the 
following being the most tangible distinctions — 


Melting puint 

Bulling point, undoi 100 mm incssuio . 
Solubility in oold ubsoluto alcohol 
Manner of crystallisation flow alcohol . 


. 208 5° 0 
. 9 S not cent 
.Tufts of small 
wlntcnecdlcs 


Behavior with magnesium acctito . . .See page 241 

MUting point of load soap .... . lOS^-U^ C 


Stkario Acid 
00 2° C 
2S7° C 
2 0 por cent 
Nuoieous bun- 
dles 

Soo liago 241. 
125° <2. 
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In the analysis of natural oils and fats, the palmitic and stcanc 
acids aio usually obtained together, the oloic acid being separated by 
treating the lead soaps with ether, as described on page 24G. In the 
mixture of palmitic and steaiic acids thus obtained, the propoitions of 
the two constituents can be approximately detei mined by one of the 
methods described on page 240 cl seq , but the ligidly accurate analysis 
of such inixtuies is not at pieseut possible 

Cosim met id Stlariu Acid vanes much m quality and appeaiance 
according to its source, but usually consists of a imxtuie of stearic 
acid with more or Jess palmitic and, sometimes, oleic acid Hydro- 
carbons and unsapornhed fat may also be present, but the piopoitiou 
of these impunties is seldom laige The method of assay is similar 
to that, employed foi oleic acid, with the addition of a determination 
of the solidifying poult by method d, page 37, flora which the relative 
proportions of stearic and palmitic acids m thu sample can be deduced ; 
or, in the absence of hydiocarbons and uiisaponified oil, the propor- 
tions of stem ic and palmitic acids can be deduced fiom the results of 
the titi ation with standaid alkali (.page 242) The piopoitiou of oleic 
acid may be ascei tamed by multiplying the iodine absorption by 1 11 
(page 237) 

Mltalltc Sttadatls — Stearic acid forms a well-defined class of 
salt--, all of which, with the exception of those of the alkali-metals, 
me insoluble m water, and mostly m alcohol and ether. 

The stearates present veiy clo-e le&embhiuces to the pnlimtates, the 
chief tangible points of distinction being the moie leady solubility of 
magnesium palmiUte m alcohol and the different melting points of 
the lead salts Lead palmitate welts at 10S n accoiding toMaskelyne, 
and between 110° and 112° aecouling to Hem tz, while lead stearate 
molls at 125° P.ilmitates and steaiates may also be distinguished 
by the melting points and combining weights of the liberated fatty 
acids 

Potassium Steai utc, ICC^HasOs, may be prepared by satuiating a hot 
alcoholic solution of steaiic acid with alcoholic potash, using phenol- 
plithalem as an mdicatoi of the point of neutrality On concentrat- 
ing the solution and allowing it to cool, the potassium stearate crys- 
tallises in shining needles or lamina; It also sepaiates on cooling a 
solution of 1 pait of steaiic acid and 1 of caustic potash in 10 pnits 
of water. The opaque gianules framed may be puiified by crystal- 
lisation fiom alcohol Or a boiling alcoholic solution of stearic acid 
may be mixed with an excess of a boiling aqueous solution of potassium 
caibonate, the liquid evapointed to dryness, the lesulue exhausted with 
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boiling alcohol, and the filtered solution allowed to cool, when civstnls 
of potassium stearate will be deposited. 

Potassium stearate dissolves m about ten times its weight of water 
at the ordinary tempeiature, forming a mucilaginous mass. On heat- 
ing the solution it becomes cleai , and if diluted with a lnige propoition 
of cold water an and steal ate of the composition KCmH^O^HCjaHasOj 
sepaiates out in delicate, white, peaily laminae, while a basic stearate 
remains in solution An analogous decomposition by excess of water 
is suffered by other alkali-metal salts of the higher fatty acids, and is 
a leading cause of their application as soaps. 

Ammonium Stearate, NH t C| 8 H 3 50 a , is obtained as a crystalline mass 
by incorporating strong ammonium hydroxide with melted stearic 
acid, and keeping the product over sulphuric acid till the excess of 
ammonia has evapoiated. On fuither keeping in this umnnei, it grad- 
ually loses ammonia. (Wuglit and Thompson ) 

Sodium Stearate, NaC 18 PI, 5 O a , resembles the potassium salt, but is 
harder. It is decomposed m a Binnlar manner, but with gieater 
facility, by excess of water, and is less soluble in alcohol than potassium 
stearate. Sodium steal ate may be separated from sodium palmitato 
by fractional crystallisation from bot alcohol. 

Bm mm and Calcium Steal ates are crystalline precipitates insoluble 
in water The marjnemm salt is similar, but soluble in boiling alcohol 
(see page 255). 

Lead Stearate, Pb(Ci B H 3s O,) s , as prepated by double decomposition, 
forms a white amorphous powder, melting at 125° 0. to a colorless 
liquid, which solidifies on cooling to an opaque araoiphotis mass It 
is insoluble in water, alcohol, ether, or peti oleum spint. In these 
characters it is simulated by lead palmitate, mynstato, arachidate, 
&c , but the lead salts of oleio acid and its homologues, as also of 
linolic and ncinolic acids, are soluble m ether and petioleum spirit. 

Stearic Esters — Ethyl Stearate, C,H 6 is prepared by pass- 

ing hydrochloric acid gas into a solution of stearic acid in absolute 
alcohol It is also formed by boiling tnsteann with sodium ethylate, 
or with a quantity of alcoholic potash insufficient for its complete 
saponification. Ethyl stearate is a crystalline, easily fusible, wax-like 
solid, readily soluble in alcohol and ether, and boiling.at 224° G. with 
partial decomposition. 

Tntenyl Stearates are obtainable synthetically by beating together, 
under pressure, suitable proportions of stearic acid and glycerol. 
Products containing either one, two, or three molecules of the stearic 
radicle are thus obtainable. 

VOL 11—17, 
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Monostoarm and dislearin do not appear to occur natuially, but 
Irilcnyl b hlnn ale is identical with the steal m which, in admixture 
with palmitin, constitutes the k<=s fusible portion of solid fats. For 
Inevity, tritenyl steal ate is frequently called "steal in.” It is not identi- 
cal with commercial “stearinc,” which is a mixture of free stearic 
and palmitic acids obtained by the saponification of the neutinl fats. 

Shnnu forms wlnto, shining nodules, fine needles, or peaily lamincc 
lcseinbliiig speinmceti It is tasteless, neutral, and volatile almost 
without decomposition in a vacuum. Heated to a high temperature, 
it decomposes and gives off an offensive odor of nci olein It appears 
to exist in two isomeuc modifications. As crystallised fiom ether it 
has a melting point of 71'6°. If the ciystals so obtained be heated 
four degiees or moie above the melting point, they are converted into 
a modification winch solidifies to a waxy mass at 62° 0 and melts at 
55°, If the lattci be leheatod a few degiees above the melting point, 
the original substance, melting at 71’6°, is obtained 

Steaim is insoluble m watci and neaily insoluble in lectified spirit. 
In boiling absolute almliol it dissolves freely, and is deposited in flocks 
on cooling Steaun also dissolves leadily in boiling ether, but the 
liquid letains lc-s than l per cent on cooling. It is readily soluble in 
fixed and volatile oils, and in caibon disulphide. When heated in a 
vacuum, it distils almost unchanged, but undci the oidinary picssure 
it is decomposed with formation of carbon dioxide, acetic acid, water, 
fiee carbon, and olefins of boiling points langing from 190° to 245°. 

Puie stearin does not change on exposure to air at the ordinary 
tempeiatuie When impute, it is liable to become rancid, apparently 
owing to the piesencc of olein. Stearin readily undergoes saponifica- 
tion when heated with alkalies or other strong bases, with formation 
of a metallic steal ate and glycerol. 

Oleic Acid. 

Fiench — Acide oleique. Goman — Oelsaure. 

C 18 H 31 0 3 = C„H 33 C00H. 

Oleic acid is one of the most widely distributed fatty acids, occur- 
ring as an ester in most non-diying fixed oils, especially almond and 
olive oils, and m smaller proportion also m solid fats, such as lard, 
palm oil, butter, and goose fat 

For the prepaiation of pure oleic acid an oil rich in olein, as 
almond or olive oil, is saponified by alkali, the soap dissolved in water 
and decomposed by excess of dilute hydrochloric or sulphuric acid. 
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White Castile soap may be employed as the starting-point, thus saving 
the trouble of saponifying. The use of commercial oleic acid is not 
to be recommended, owing to the frequent presence of hydrocarbons 
The liberated fatty acids are separated from the aqueous liquid, and- 
heated for some time on the water-bath with about 1 paitof finely 
ground lead monoxide for every 20 parts of oil taken for the opera- 
tion. Excess of lead oxide should be avoided, as it occasions the 
formation of a basic oleate, which is subsequently treated with diffi- 
culty. The proportion of lead oxide prescribed^ is insufficient to com- 
bine with all the fatty acid, but the result is merely that a portion 
of the oleic acid remains m the free state, while the more powerful 
palmitic and stearic acids form lead salts 

The pioduct is next treated with about twice its measure of ether, 
which dissolves the lead oleate and free oleic acid, and leaves the lead 
palmitate and stearate unchanged. The solution is separated from the 
insoluble salts, and hydrochloric acid added until the aqueous liquid 
has a strongly acid reaction even after shaking The lower layet now 
contains lead chloride, while the ether retains the oleic acid It is 
separated fiom the acid liquid, washed by agitation with water, and 
the ethereal layer removed and the ether evaporated off as rapidly and 
at as low a temperature as possible. 

According to E C Saunders, rectified spirit may be advantageously 
substituted for the ether prescribed in the above process. 

The oleic acid obtained by the foregoing process is apt to retain a 
little coloring matter and products of oxidation To remove these, 
Biomeis recommends that it should be cooled below its solidifying 
point, and subjected to strong pressure between folds of filter paper. 
The residual oleic acid is melted, again cooled, and the purification by 
pressure lepeated Another method of purification consists m dis- 
solving the oleic acid in ammonia, precipitating the solution by barium 
chloride, purifying the barium oleate by ciystalhsation from alcohol, 
and then decomposing it with tartaric or other suitable acid. 

Pure oleic acid is a colorless, odorless, tasteless oily liquid, having 
a specific gravity of ’897 at 19° C , and '876 at 100° G When cooled 
to about 4° C it solidifies to a white crystalline mass, and on cooling 
its hot alcoholic solution is deposited in white needles, which melt 
at 14° C 

Pure oleic acid is not altered by exposure, and is free from acid reac- 
tion ; but the impure substance gradually absorbs oxygen, becomes 
yellow, and acquires an aeid reaction and a rancid taste and smell. 
The altered product has a lower melting point than the pure acid. 
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Oleic acid is much tlunuei tlmn the neutral fixed oils, and is less liable 
to leave a greasy stain. When applied to the skin it wets it almost 
like water, and is very l.apidly ahsoihcd. 

Oleic acid is insoluble in watei, but dissolves with facility in alcohol, 
ether, clubou disulphide, chloroform, and hydiocaibons, and is also 
miscible with neutial fats and essential oils The solution of oleic acul 
m alcohol usually has an acid reaction to litmus, a fact said to be duo to 
the presence of linpuiitics. It turns milky when largely diluted with 
spirit, hut the turbidity disappeais ou adding a few drops of hydro- 
cbloucncid Oleic acul dissolves m ammonium hydroxide and solu- 
tions of caustic alkalies to foim oleates, fiom which others maybe 
obt lined by double decomposition 

Oleic acid may be distilled in a vacuum, or in a cuuent of super- 
heated steam at 250° C., without matcnnl alteiation , but if distilled 
with contact ot air it is paitially decomposed, with formation of carbon 
dioxide, liydiocarbons, acetic, capioic, capiylic, capuc, sebacic, and 
other acids. 

Sebacici Acid, Ci 0 II w O 4 = C g H lc (COOH) 5 , is also pioduoed when 
oleic acid is rapidly heated with excess of caustic alkali Its forma- 
tion is a characteristic test for oleic acid and its immediate honiologues 
To detect it the alkaline residue should be tieated with boilmg water, 
and the liquid acidulated with acetic acid, again boiled, and filtered 
hot The filtered liquid will, ou cooling, deposit bnlliant needles of 
sebacic acid, melting at 127° C., and soluble in 1000 parts of cold or 
50 of boiling water. 

When more stiongly heated with caustic potash, oleic acid yields 
paliiiitate and acetate of potassium and fiee hydrogen, secondary prod- 
ucts being also formed. The temperature necessary for this reaction 
is about 300° to 320° C The piocess is commercially employed for 
the productiou of palmitic acid The following formula expresses the 
main reaction which oecuis • 1 — 

C 13 H at O, -f 2KIIO = KC,„H 31 0 2 + KC,HA + H 2 

Oleic acid combines with a molecule of bromine to form dibromo- 
stearie acid, as a yellow viscous oil having a fruit-like 

odor Oleic acid also reacts in a perfectly definite manner with 
Hubl's reagent, and may be determined by that means 

1 Small quantities of stbneia acid, caproio acid, caprylio alcohol and other bodies ore 
also produced The details of tins process of manufacturing palmitic acid, for whioh 
nearly all futty bodies, except maro’s grcaoo and Burnt fat, arc available, have been de- 
scribed by W La nt Carpenter US, C J, 1883, 88} 
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Oleic acid is dissolved by concentrated sulphuric acid, a conjugate 
acid being foimed winch has been used in Turkey-red dyeing and 
calico-printing 

Strong nitric acid oxidises oleic acid, with formation of acids of the 
acetic and oxalic series (including succinic acid) 

By oxidation with potassium permanganate in presence of an excess 
of caustic potash oleic acid yields diliydroxysteane acid, C 1T H 33 (OH) 2 - 
COOH, a crystalline body melting at 136 5°, and solidifying at 119° 
to 122°. 

When oleic acid is heated to 200° or 210° C m a sealed tube with 
amoipliou3 phosphoiuB and fuming hydriodic acid, it assimilates 
hydrogen, and is converted into steauc acid, C 10 H 30 O 3 . 

When the red fumes geneiated by acting on nitric acid by starch or 
arsemous oxide, or by a mixtuie of sulphunc acid and sodium nitrite, 
are passed foi a short time into oleic acid carefully kept cold, the 
liquid gradually thickens, and in the couise of an hour or so solidifies 
to a crystalline mass of an isomer of oleic acid called elaidic acid. It 
may be purified by agitation with boiling water, followed by crystalli- 
sation from alcohol. 

Elaidic Acid, Ci 8 H 3i 0 2 , then forms large pearly plates, resembling 
benzoic acid, melting at 45°, and distilling almost unchanged In 
the solid condition it is unchanged m the air, hut in the fused state it 
readily absorbs oxygen, becoming yellow and pasty, and acquiring an 
odor like that of poppy oil With biomine, fused potassium hydroxide, 
and phosphorus and hydnodio acid, elaidic acid behaves like oleic 
acid Elaidic acid has a strong acid reaction, and forms a series of 
well-defined salts, all of which, if neutral, aie said to be insoluble in 
water. Sodium elaidaie, C la H 33 Na0 2 , crystallises fiom alcohol in 
silvery Inmime, and the potassium salt in glistening needles. The 
banum and lead salts are white piecipitates. 

The pi;opeity of foiming an isomer of higher melting point under 
the influence of nitrous acid is not peculiar to oleic acid. It ib 
exhibited also by its olein, by its bomologues bypogeic, deglic, and 
erucic acids, by licinolic acid, but not by the fatty acids characteristic 
of the drying oils. 

Determination op Oleic Acid 

When occurnng in the fiee state and unmixed with other acids, 
oleic acid may be conveniently and accurately determined by titration 
with standard alkali (page 104). In presence of acids of the stearic 
series it may be titrated with Hubl’s solution, each 1 c c of decmormal 
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iodine absorbed coi responding to 0 0141 gim. of oleic acid. The 
(lelei initiation of oleic in presence of linolic acid is descnbed on page 
2T7. 

Oleic acid may be determined giaviiuetrically when in admixture 
with acids of the steal ic senes by utilising the solubility of its lead 
salt in alcohol, ether, or petioleum spiut, in the mannei desenbed for 
its preparation (page 259). The best method of applying, the pi inciple 
for analytical purposes is described on page 246 

Accoiding to F Sear, palmitic and oleic acids can be separated 
by heating the mixture with excess of riue oxide and digesting the 
product in the cold with cm bon disulphide (see page 249) 


A picce^s for the sepai.it ion of oleic and steanc acids lias been devised by 
J David It is based on tbe solubility of oleic acid in a liquid containing 
cert im pmporlmiis ot alcohol, vvatei, and acetic acid, and tbe insolubility of 
stcacie acid m tbe same mixture. Whether palmitic acid behaves like steanc 
acid is not stated The solvent is prepared by adding 22 nicasmvs ol a mixture 
of i qu il volumes ol gl.mal neetic acid and water to 30 incisures of alcobol of 
817 spmlu giaviiv Tbe correctness of Uus mixture is tested by agitating 5 2 
e c witb lee ol pure oleic acid Complete solution of tbe lattei should take 
place, amt the fitty acid should wholly sepaiate ou adding 0 1 c c uioie of tbe 
mixture ol equal volumes ol noetic null .md water If this separation does not 
take place, the proportions must be varied until tbe mixture ls sufficiently sen- 
sitive It is kept m a well-closed bottle, in coutact with fine shavings of 


The an ilysis is perlouned by treating 1 grm of the sample of free fatty 
acids m a finely divided state with 16 c c of the solvent rmxtiue The tube is 
closed, agit ited several times, and then set wide foi 24 hours at a temperatuie 
not exceeding 15 s C The liquid is then filtered, air being excluded, and tbe 
residue is w isbed several times with the solvent imvtnie The stearic acid can 
be dis=olied of! the filter with ether, and the oleic acid recoveicd from the solu- 
tion by nnitr ilismg it, evaporating to a small bulk, adding liydioebloric acid, 
agitating with etber, and ovaporatipg tbe ethereal solution at 100° C 


A method for tbe approximate estimation of oleic and solid fatty 
acids in tallow is described on page 172 


Commuiciai, Oleic Acid. 

Comma dal oleic acid is obtained by subjecting to hydiaulic 
ptessuie the mixtuie of fatty acids pioduced by the snponilication 
ol tallow, palm oil, and sinnlai fats The expressed liquid techni- 
cally known as “ red oil," contains a considerable quantity of palmitic 
and steanc acids, winch separate out on keeping the i cd oil for some 
time at a low temperatuie 

When fats are saponified by the autoclave process, the products 
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often contain a considei able pi oportion of unsaponified fats Incon- 
sequence of the comparative facility with which paliuitin and steatm 
are saponified, the unaltered fat consists chiefly or wholly of olein, 
which, owing to its low melting point, becomes concentrated in the 
oleic acid expi eased fiom the ciude pioduct Saponification undei 
high piessuie always tends to cause more or less decomposition of the 
higher fatty acids, and, when actual distillation has been resorted to, 
notable quantities of acetic, subeuc, and sebacic acids aie formed, and 
the two lattei will remain with the oleic acid, together with cettam 
hydioctubons, appaicntly belonging to the paraffin senes, which aie 
always simultaneously pioduced 

Commetcial oleic acid, which is frequently, but improperly, called 
“oleine,” varies considerably in propeities and composition It is 
sometimes a cleai liquid, inngiiig m coloi from dark biown to pale 
shen y, while other specimens aie quite pa«ty from separated solid 
fatty acids By distillation m a cunent of steam, oleic acid may be 
obtained wholly fiee fiom color, but possessing fin acrid odor from 
the funnation of decomposition pioducts. Uudn-tilled oleic acid 
usually retains an odor suggestive of its origin The specific giavity 
is also variable, tanging fiom about 887 to 908, or even more, ac- 
cording to the propoitions of hydiocaibons, neutial oils, and solid 
fatty acids which happen to be present 

Mineral acids are sometimes present in sensible quantity in com- 
meicial oleic acid They rately mterfeie with its applications, but if 
necessaiy maybe detected and estimated as on page 104, oi by titiat- 
iug the alcoholic solution with ulkali and methyl-oiange 

The presence of an abnoimal proportion of oxidation and secondary 
pioducts of an acid character is indicated by agitating 50 cc. of the 
oleic acid with 1 c c. of a 10 per cent solution of ammonia and 50 c c 
of watei Both the oleic acid and the aqueous liquid should by this 
means be depnved of any acid reaction of litmus 

The presence of palmitic or stearic acid in commercial oleic acid 
may be detected by saponifying the sample with alcoholic potash, 
adding a drop of phenolphtlialem solution, and then acetic acid, diop 
by diop, until the pink color is just destioyed The liquid is then 
filteied, mixed with twice its weight of ether, and an alcoholic solution 
of lead acetate added Any white precipitate may consist of steal ate 
or palmitate of lead, and may be filteied off, washed with ether, de- 
composed with dilute hydrochloric acid, and the liberated fatty acids 
weighed All ordmaiy commeicial oleic acid will indicate the 
presence of foreign fatty acids when examined m this manner 
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Neutral faU will be indicated by the gradual separation of oily 
drops when equal measuics of the sample and of alcohol are heated to 
25° C foi some time, while a pure acid will give a cleai solution when 
thus treated. A very delicate test for neutial fats m oleic acid is 
described on page 252. 

The piesenco of neutral fixed oils 01 hydroeaibon oils cau also be 
infeired from the diminished piopoition of alkali requited, when the 
sample is titiated as on page 105 Five gnu of pute oleic acid 
will tequhc 3547 c.c. of semmoimal caustic alkali, eon espondmg to 
19*9 per cent of KHO, and a combining weight of 282. Hence the 
peiccntageof oleic acid m the sample may be found by dividing the 
percentage of KHO teqiined by (H99 Any admixtuie of palmitic 
acid will mo ease the amount of alkali tequited 

The ncutiahsed liquid resulting from the last ptocess may be 
treated with a known amount of staudaid alcoholic potash, and ex- 
amined b> Koettstoi fei’s process, when each 1 c.c of additional semi- 
normal alkali neutralised will indicate the presence of 0 145 grm. 
of neu'ial fixed oil m the sample. 

The liquid left aftoi the second titration may be evaporated with a 
furthei quantity of alcoholic potash, the residual soap dissolved in 
water, and the solution agitated with ether, as described ou page 113. 
The etheteal solution is then separated and evaporated, and the 
uniapomfiablc maita weighed 

In the case of aD oleic acid obtained by distillation of an oidinaiy 
fat with superheated steam, the unsaponifiabie matter or ether-residue 
obtained in the last piocess consists of hyrliocmbons piesenting the 
closest resemblance to those contained m the lubricating oils manu- 
factuied fiom petioleum ami bituminous shale Hence no means 
exist at piesent by which an intentional addition of a moderate pro- 
portion of hydrocarbon oil to oleic acid can be positively detected. 
According to the experience of the author, the hydrocaibons normally 
present in distilled oleic acid range from 3 to 7 per cent., and there- 
fore any propoition notably m excess of the latter figuie may be at- 
tributed to au intentional sophistication of the product with mineral 
or shale oil. The addition of these adulterants to oleic acid is exten- 
sively practised, although their presence greatly reduces the suitability 
of the oleic acid for one of its most important applications, which is 
that of greasing wool during the process of spinning. Any admixture 
of hydrocarbons reduces the property of ready saponifiability for 
which oleic acid is chiefly valued. 

The foregoing statement respecting the proportion of unsaponifiabie 
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matter piesent in distilled oleic acid applies to a product obtained by 
saponifying pure substances Wool gieaso and the giease obtained by 
treating with acid the soapy liquors in which wool lias been washed 
are much more mipuie articles Besides the hydiocaibons foimed on 
distilling such gt eases, the distilled pioduct is liable to contain actual 
petroleum 01 shale pioducts used in the wool-spinning, eithei inten- 
tionally or as adulteiants of other oils, pet) oleum employed for anti- 
septic purposes on the living sheep, and cholesteiol and other unsapoui- 
fiable matteis contained in the “sumt” or wool fat. Hence, an esti- 
mation of the “ unsaponifiable mattei ” in such low-class oleic acids 
cannot be regaided as a lehable indication of the extent to which they 
have been adulteiatcd by an actual addition of hydiocarbou oil 
Some indication of the oiigm of the unsaponifiable matter may be 
obtained by treating the ether-i endue with thrice its volume of recti- 
fied spirit, when the measure left undissolved may be legaided as 
indicating roughly the hydrocaibons present, while the cholesterol and 
solid alcohols from sperm or bottlenose oil pass into solution (See 
“Wool Fat.”) 

The following table exhibits results obtained in the author’s laboia- 
tory by the examination of specimens of commercial oleic acid of 
veiy different qualities. The “free fatty acids” were determined by 
titration with standard alkali, and calculated to their equivalent of 
oleic acid ; but m the case of the semi-solid samples containing much 
palmitic acid the result thus obtained is neccssanly in excess of the 
truth. The percentage of ether-residue shows the “hydrocaibons, 
&c in the samples, while the esters were m some cases detei mined 
indirectly, m other cases calculated from the result of Ivoettstoifer’s 
saponification process, and in otlieis deduced from the difference 
between the free fatty acids of the oiigmal sample and the total fatty 
resulting fiotn its saponification The samples and ether-residues to 
which an/ is affixed weie noted as being distinctly fluorescent — 
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The first foui samples were manufactured by the autoclave process, 
A and 0 being denvcd from tallow E and F weie probably auto- 
clave pioducts, tbc lattci being of French manufacture. G was ob- 
tained from tallow by hme-saponification, and H and I weie probably 
distilled oleins flora ieco\ ered gieaso. 

Giauval and Volser (J Phaim. Chun , 1889, 232) have drawn atten- 
tion to the fact that conuucicial oleic acid is sometimes adulterated with 
the acids flora linseed oil Such samples have a specific gravity of 
fiom 012 to ‘919 and do not dissolve completely in nine measures of 
rectified spirit Shaken with an equal volume of sodium hydroxide 
solution, the mixtuie tuius intensely yellow , puie oleic acid. becomes 
gray It the linseed oil acids be pieseut m cousideiable proportion, 
they may be detected by the high iodine niinibei Hazura (J S Cl, 
1889, 041) adopts the following method — 50 gun of the sample are 
saponified on the water-bath with dilute alcoholic potassium by dioxide 
The potash soap is fieed from alcohol and dissolved in 1000 c c of 
wntei This stiong alkaline solution is gradually mixed with 1000 c.c 
of a 5 pei cent, solution of potassium pcimangauate Aftei i to 1 hour, 
the manganese oxide is filtered oft, the filtrate acidified with sulphuric 
acid, ami again filtered The filtrate thus obtained is neutralised with 
potassium hydroxide, concentrated to about 300 c c , and again acidified 
with sulphunc acid, which produces a precipitate The acid liquid, 
without removing the precipitate, is shaken with ether If the precipi- 
tate dissolves in ether, it consists of azelaic acid (C,H h (COOH) 2 ) and 
the ongmal oleic acid is free from linseed-oil acids If it does not 
dissolve, it is filtered off, recrystallised several times from water or 
alcohol, with the addition of animal charcoal, and, after air-drying, 
its melting point determined If this be above 160° O, hnseed-oil 
acids ate undoubtedly present. 

Sulviiolitc Acid 

When a non drying fixed oil is cautiously tieated with strong sul- 
phuric acid, complex reactions occui, the precise natuie of which 
depends on the conditions of the experiment P. Juillard (J. S Cl, 
1 894, 820) states that olem treated in the cold with sulphuiic acid yields 
two acids, — one monobasic, the other dibasic, — which appear to be 
addition products of sulphuric acid and olem They are soluble m water 
Oleic acid treated with sulphuric acid produces at first hydroxystearo- 
sulphuric acid, II (HS0 3 ) C, 8 H 31 0 3 , from which is formed hydroxvstearic 
acid, HCi # H 34 (HO)Oj 

Metallic Oleates — These form a well-defined series of salts, 
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many of which have received practical applications. They may be 
obtained by dissolving the metallic oxide of which the oleate is re- 
quired in warm oleic acid ; but such a method does not give com- 
pounds of very definite composition. A preferable plan is to pre- 
cipitate an aqueous solution of sodium oleate with a neutral solution 
of the salt of the metal of which the oleate is required Zinc, alumi- 
nium, iron, lead, copper, bismuth, and other oleates, aie readily ob- 
tained in this way, and have received consideiable application in 
medicine. 

These oleates aie leadily analysed by agitating them with ether and 
a dilute mineral acid, which should be sulphuric, hydrochloric, or 
nitnc t according to the metal present. The metals pass into the 
dilute acid liquid, and may be determined by the ordinary methods of 
mineial analysis The oleic acid formed from the oleate is dissolved 
by the ether, and maybe weighed after evaporatiog off the solvent. 
Any free oleic acid, neutral fat, or hydrocarbon (eg., vaseline) 
which may have been present in the original substance will also be 
found in the ether-residue, and may be determined by the methods 
indicated on page 104 et seq. 

With the exception of the- salts of the alkali-metals, all the metallic 
oleates are insoluble m water, though they dissolve in many instances 
m alcohol, ether, carbon disulphide, and petroleum spirit The oleates 
of calcium, magnesium, and iron also dissolve in glycerol. 

Potassium Oleate, KCi 8 H bs Oj. is the principal constituent of soft 
soap It is a white, friable, deliquescent substance, which with a 
small quantity of water forms a transparent jelly, soluble in alcohol 
or a moderate quantity of water; but decomposed on copious dilution 
into free alkali and a gelatinous acid oleate, insoluble in water but 
readily soluble in alcohol (see page 270). 

Sodium Oleate, NaCi e H 3 ,Oj is a constituent of hard soap It may be 
prepared pure by neutralising an alcoholic solution of oleic acid with 
caustic soda and evaporating off the alcohol. It may also be obtained 
by the addition of sodium caibonate to hot oleic acid. It is not deli- 
quescent, but by contact with air becomes gelatinous Pure sodium 
oleate maybe obtained m ciystals from its solution in absolute alcohol, 
but not from aqueous alcohol or from the syiupy solution in water. 

Ammonium Oleate is obtained m solution by ti eating oleic acid 
with cold aqueous ammonia. It is a gelatinous substance, soluble in 
water, and readily decomposing into ammonia and oleic acid. 

Barium Oleate, Ba(C ls H ra 0 2 ),. is a light crystalline powder, insolu- 
ble m water, and difficultly soluble m boiling alcohol. 
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Magnesium Oleate, Mg(C 19 H 13 0.) ,is insoluble m water, but soluble 
in alcohol and petroleum spmt. 

Aluminium Oleate is a soft, white, putty-like substance, insoluble in 
water, but soluble in ether and petiolcum spirit It has leceived a 
ciuiotis application, owing to its gieat tenacity and peculini propeity 
of stretching into a thin string without breaking It is made by 
sapouiiymg whale, cottonseed or lard oil with caustic soda, and adding 
the aqueous solution of the lesulting soap gradually to a solution of 
alum A tough, gummy piecipitate of aluminium oleate, palmitate, 
tfec , is fin med, which constitutes the product known as “oil pulp," 
This may be dissolved m four or five times its weight of mineral lubu- 
cating oil to foim “ thicken ei,” which is employed to impart a facti- 
tious viscosity to oil 1 Such oil will readily form threads in diopping, 
and has a thick, glairy character. The false viscosity thus produced 
cannot be legarded as leally increasing the lubricating value of the 
oil, and the use of aluminium soap for the purpose can only be ie- 
garden! as an-.idulteration 

Feme Oleate is daik ied, but otherwise resembles the aluminium 
soap. 

Cupric Oleate is a dark-gieen, wax-like substance, readily 
obtained by double decomposition It becomes quite fluid at 100°, 
and dissolves with green color m all proportions of alcohol, ether, and 
fixed oils 

Lead Oleate, PbCT/isHajO,)-, is the principal constituent of the “lead 
plaster ” of pharmacy. As obtained by double decomposition it is a 
light white powder, melting at 80° to a yellow oil, and solidifying 
on cooling to a brittle translucent mass Lead oleate is quite insoluble 
in water, but soluble m alcohol and in cthei, estrepially when hot. It 
m also dissolved by' oil of tuipentine and by ptftroleum spmt, the hot 
siitmated solution in the last solvent solidifying to a gelatinous mass 
on cooling The solubility of lead oleate in ether is utilised m analy- 
sis foi the separation of oleic from palmitic and stearic acids. 

1 A sample of “ oil-pulp," the analysis of which is given in tho Oil and Cnlourman’t 
Journal, sol iv, p 403, hail the appearance ot thick gelatin or soaked glue It had a 
specific granty of 021, and is said to liftvn contained — 

Pariffln oil of 90C specific gravity 
|>rd oU (unconihlnod), 

Water, soda, and loss,. . 
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By boiling oleic acid with water and excess of lead oxide or basic 
lead acetate, a basic oleate ib obtained which is nearly insoluble in 
ether. 

Zinc Oleate is a white unctuous powder, soluble m carbon disulphide 
and petroleum spirit. 

Many of the so-called commercial “oleates” are prepared by the 
Use of Castile soap instead of pure sodium oleate. They are better 
described as “ oleo-pal nutates,” and for pharmaceutical purposes are 
piobably equally suitable. 

Oleic Estees 

Ethyl Oleate , CiH 5 CisHjjO,, is prepared by passing dry hydrochloric 
acid gas into a solution of oleic acid in three times its measure of 
absolute alcohol. Etherification takes place very rapidly, and the 
ester separates from the liquid as an oily layer. It has a specific 
gravity of ‘870 at' 18°, is soluble in alcohol, and is decomposed by 
distillation. Nitrous acid and its equivalents slowly convert it into 
the isomeric ethyl elaidate. 

Dodecatyl Oleate and its homologv.es are said to constitute the greater 
part of sperm and bottlenose oils. 

Tritenyl Oleates are obtainable synthetically by heating oleic acid 
and glycerol together in sealed tubes to about 200° for 24 hours. 
With excess of glycerol the monolein, C 3 H 5 (0H)jCiaH a a0 2 , is pro- 
duced. With excess of oleic acid, otem, C 3 H 6 .(G ie H M O a )3, is formed, 
and under special conditions the dioleate is said to be obtainable. 
Monolein and diolein are not known to oocur naturally, but olein 
occurs in many fixed oils, and may be obtained approximately pure 
by agitating olive or almond oil with a cold concentrated aqueous solu- 
tion of caustic soda, which, it is said, saponifies the palmitin and leaves 
the olein mostly unchanged. After twenty-four hours, water is added 
and the soap solution separated from the oily layer, which should be 
washed with dilute alcohol and filtered through annual charcoal. As 
thus prepared, olein is a colorless, tasteless oil, readily soluble in ether 
or in absolute alcohol, and of a specific gravity between 900 and '920. 
By treatment with nitrous acid it is converted into solid elaidm. It 
solidifies below 0°, can be distilled m a vacuum, and on exposure to 
.air oxidises and becomes acid. 
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SOAPS, 

By the term soap is commonly understood the various commercial 
products obtained by the action of alkalies on fats and oils ; but the 
word is sometimes used in a more extended sense, so as to include all 
compounds produced by tlie substitution of metals for the hydrogen of 
the higher fatty acids 

It has already been explained (page 42) that the great majority of 
the various solid and liquid fats consist of the tntenyl esters of the 
higher fatty aculs, and that by treatment with strong bases, such as 
the alkalies, these yield glycerol and salts of the fatty acids, which last 
constitute essentially the “ soaps ” 

The fatty aculs which play the most important part in the forma- 
tion of oidinaiy soaps are necessarily those which aie the main con- 
stituents of the fatty oils used, the chief being lauric, palmitic, stearic, 
oleic, hnolio, and ucmolic acids. Of late years the employment of 
previously piepared fatty acids has to some extent replaced the use of 
the natural oils and fats Much soap is prepared m part with coloph- 
ony or rosin, which consists essentially of a mixture of pimc, sylvic, 
and colophohc acids, with more or less pimaric acid and abietic anhy- 
dride 

The bases used for producing commercial soaps from fatty acids or 
fats aie exclusively potash and soda, as the soaps of the alkali -metals 
are alone soluble m water 1 The bases aie sometimes used separately 
and in other cases m admixture The characteis of the pure potas- 
sium and sodium salts of the moie important fatty acids have already 
been described 

Potassium soaps are deliquescent and have a low fusing point Sodium 
soaps aie mostly solid and hard at the oidinaiy temperature, and in 
the absence of fiee alkali aie not deliquescent Both forms are readily 
soluble in hot water and alcohol ; their concentiated solutions solidify 
to a jelly on cooling. “Opodeldoc” is this jellied soap mixed with 
alcohol Copious dilution of a solution of soap with cold water, 
or the cooling of a hot dilute solution, causes the precipitation 
of an acid soap, while free alkali or a basic soap remains in solution. 
This reaction has an intimate lelation to the detergent properties of 
soap. Wright and Thompson (JSC L, iv 630) investigated the 
extent to which neutral soaps of diffeient kinds undergo hydrolysis by 

1 When In solution in water, potassium and sodium soaps are practically Insoluble in 
othor, bonzene, petroleum spirit, or carbon disulphide Hcnco these solvents may be 
employed to separnto them from unsapomfied oil, fioe fatty acids, anil hydrocarbon oils 
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tieatment with water, and obtained the results shown in the following 
table — 





PrncruTAOt- 
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palmitic *ncid 
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1 45 

19 

20 
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3 75 

Sodium olonte, , - 

Pure oleic acid 
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185 

26 

38 

52 
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Coconut oil soap, v - . 

Crude laurlc 
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45 

54 

6 45 

71 

Castor oil soap. 
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22 

30 

38 

45 
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ly). • - 


250 
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30 

50 

75 

95 

Tallow tmd rosin sonp 
(primrose), , 


280 

15 

2-2 

31 

42 

63 

Tallow and palm oil soap, 


27. 

11 

1 55 

26 

41 

53 


It appears from this table that the tendency of the sodium soaps of 
laurio, palmitic, and stearic acids to undergo hydrolysis decreases with 
an increase of the molecular weight The figures for tallow-iosin soap 
show that the piesence of rosin soap does not materially affect the rate 
of hydrolysis of sodium oleate and stearate. The presence of free 
alkali causes a marked reduction in the extent of hydiolysis produced 
by a given amount of water. Thus, the tallow rosin soap, m presence 
of an amount of caustic soda equal to 15 per cent, of the alkali ex- 
isting as soap, underwent no decomposition by 160 molecules of water, 
only 0‘1 by 250, and T3 by 2000 paits of water 
The conclusions of C Rotondi ( Chon Review, xiv. 228) are not 
wholly in accoidance with those quoted above Rotondi finds that 
water, especially when hot, decomposes neutial soaps into basic and 
acid soaps without the formation of free alkali Basic soaps dialyse 
easily, aie completely soluble in cold water, and are precipitated by 
brine without decomposition They act as solvents for the acid soaps 
and free fatty acids, and emulsify fats without saponifying them Car- 
bonic acid renders basic, soaps insoluble without the formation of free 
alkali; on warming the liquid re-solution takes place. Acid soaps 
diffuse with difficulty, are insoluble m cold water and but little soluble 




272 


SOAI'd. 


in ivatei, but are soluble m warn solutions of basic soaps. Acid soaps 
do not dissolve or emulsify cither fatty acids or fats Seo also M. 
Dechan and T Mahon on basic soaps ( Pliarni Jour [3] xv. 1025). 

The experiments of Ivrapps and Stern (JBciiclde, 1894, 1747) seem 
to piove that hydiolysis increases with the moleculai weight of the 
fatty acids This conclusion is dnectly opposed to that of Wught and 
Thompson, noted above 

The soaps of commerce may be divided broadly into two classes — 
hmd and soft Haid soaps are made with solid animal fats, vegetable 
fat oils, or free oleic acid and soda; for soft soaps, fish oils oi vegetable 
drying oils are used, saponification being effected with potash. Hard 
soaps may be obtained with potash, piovided a solid fat be employed, 
but a potassium soap is always softer than a sodium soap produced 
fiom the same fat. The hard soaps of commeice usually consist essen- 
tially of the sodium salts of the fatty and iesm acids of the materials, 
the excess of alkali anil the glycerol haviug been separated, but m the 
case of soft soaps no such separation is attempted, the whole being 
boiled down togethei Hence soft soaps are more caustic than hard 
soaps, and contain vanous impurities. The solid white giauulations 
or “figging” often seen in soft soap consist of potassium stearate, and 
to pioduce them a small quantity of tallow is used in the manufacture 
As the figging is commonly but emmeously legarded as a pioof of 
quality, it is sometimes imitated by an admixture of staich. 

The soaps of commerce are ananged by W Lant Caipenter ( Soap 
and Candles, page 140) in the following classes, according to their 
method of production . — ■ 

1. Soaps produced by the direct union of free fatty acids and caustic 
alkali, oi by the decomposition of alkali-caibonates by fatty acids. 

2 Soaps produced by acting on a ueutial fat by the precise quantity 
of alkali necessiuy for saponification, without the separation of any 
waste liquid, the glyceiol pioduced by the reaction being letained by 
the soap. This class includes (a) soaps made by the cold process, and 
(J) soaps made under pressuie. 

3 Soaps produced by the ordinal y method of boiling in open ves- 
sels, woiking with indefinite quantities of alkaline lye, the processes 
being controlled by the experience of the opeiator. The soaps of this 
cla«s may be subdivided into (a) soft soaps, in which the glycerol is 
retained, potash being the base; ( b ) the so-called “hydrated” soaps, 
with soda ioi the base, in which the glycerol is retained, and of which 
“ marine soap” may be taken as the type, and (c) hard soaps, with 
soda as a base, in which the glycerol is eliminated by addition of ex.- 
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cess of biine or alkaline lye, compiismg three kinds, — euid, mottled, 
and yellow soaps 

The so called “ cold process” of soap-makmg consists m mixing the 
fat, previously melted at as low a temperature as possible, with just 
sufficient soda lye (at about the same temperature) to effect complete 
Saponification The process has the advantage of being simple, and is 
often employed for the manufacture of the cheaper kinds of toilet 
soap, since the low temperature employed prevents dissipation of the 
perfumes added , but the saponification is apt to be incomplete, ihe 
product often containing both free alkali and unsaponified oil, besides 
which only the purest materials are available, as the whole of the 
glycerol and extraneous matters are retamed m the final product. 
Transparent toilet soaps made by the cold process aie liable to contain 
a consideiable proportion of free alkali and sugar. 

“Marine soap,” so called from its valuable piopeity of forming a 
lather with sea-water, is made by boiling palmnut or coconut oil with 
soda lye of 1T63 specific gravity. The alkali is added giadually until 
the piesence of a faint excess is indicated by the taste It is often 
difficult to cause saponification to commence, but once begun it pro- 
ceeds with extiaordmaiy rapidity, the mixture swelling up almost 
instantaneously to many times its volume Additions of salt or brine, 
of sodium silicate, and of sugar are often made to this class of soap, 
samples of which may contain 70 per cent, of water. 

Sodium stearate suffers no marked change in contact with 10 parts 
of water, while potassium stearate is converted into a thick paste or 
viscid solution Sodium and potassium palmitates closely resemble 
the corresponding stearates Sodium oleate is soluble m 10 parts of 
watei and potassium oleate m 4 paits, forming a jelly with half this 
proportion. The consistency or hardness of soap is not dependent 
solely on the base present, but is greater in pioportion to the stearin 
and palmitin preexistent in the oil, and less in pioportion to the olein 
in it 

Sodium soaps are soluble in waiei, but iusoluble iu brine and other 
strong saline solutions. When a modeiately strong solution of hard 
soap is precipitated by addition of common salt, the composition of 
the separated soap is unchanged, but from veiy dilute solutions acid 
soaps aie thrown down (see page 270) Potassium soap cannot be sepa- 
rated in a similar manner by adding potassium clilonde to its solution ; 
wlnle, if common soap be added to the solution of a potassium soap the 
precipitate consists of a sodium soap, an equivalent amount of potas- 
sium chloride being formed m the solution. Concentiated solutions of 

VOL 11 — IS 
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caustic alkali and alkali-carbonates also scpai ate eithei potassium or 
sodium soap from its solution, but in weak alkaline lyes soap is readily 
soluble. Coconut and paluuiut oil soaps consist latgely of sodium 
lauiate, and require a much laiger pioportion of salt to sepaiate them 
from their solutions than is the case with any othei varieties. Hence 
their use on boaul ships, as they foim a lather with sea-water The 
property possessed by common salt of precipitating soap from its 
aqueous solution is extensively employed for separating soap horn the 
glycerol, excess of water and alkali, and impuiities in the materials 
used. 

The oils and fats employed by the soapmaker are very numerous, 
the greater uuraber of those classified m the tables commencing on 
page 91 doing duty in some form or under special circumstances, 
Besides the actual esters oi neutral oils, the free fatty acids obtained 
by saponifying palm oil, coconut oil, tallow, and other fatty oils are 
largely used, as aie the fatty acids obtained from cottonseed oil 
and lecoveied giease. Tallow is laigely employed as such, but is 
superseded to some extent by palm oil Castor oil is extensively em- 
ployed for making transpnient toilet soaps Laid soap is very white, 
solid, inodorous, and very valuable for toilet use Cottonseed oil is 
now employed to a large extent for soap-niakmg Hempseed oil, 
saponified with potash, is also much used for making soft soap The 
product is gieen, pasty, and so soft that the least addition of water 
leudei sit liquid Oidmaiy “yellow soap” is usually made by saponi- 
fying tallow or palm oil with soda. More or less resin is always 
added, but the use of too large a proportion renders the soap dark, 
soft, too readily soluble, and too strongly caustic Soaps made from 
the drying oils are usually soft and flabby, and those from fish oils 
commonly betray tbeii origin by their odor. 

From what has hitherto been stated it might be assumed that com- 
mercial soups consist solely of the hydrated potassium or sodium 
salts of the fatty and lesm acids, with or without the glycerol produced 
by the saponification. In practice this is far from being the case ; for, 
in addition to the above-named constituents, soaps are necessarily 
liable to contain more or less unsaponified oil or uncombined fatty 
acids on the one hand, and excess of alkali on the other. 1 The latter 
may exist either as caustic alkali 01 as an alkali-carbonate, in addition 
to which theie may be sulphates, chlorides, or silicates, and traces of 

i C R Aider Wright has proposed the addition of ammonium salts, suoli as the sul- 
phate or ohlondo, m quantity auffluont to react with the freo alkali which l3 so obiootion- 
able an ingredient of toilet soaps 
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calcium, magnesium, aluminium, and iron compounds existing as im- 
punties in the alkali used, common salt as a result of the piecipitatiou 
of the soap with bi me, and, in tianspaient toilet soaps, alcohol The 
use of alcohol foi punfying toilet soaps has the advantage of separating 
alkali-caibonates and neutral salts, but any caustic alkali dissolves 
with the soap On subsequently evaporating the alcohol, the soap 
remains as a more or less translucent mass, the tiansparency of which 
can be fuither incieased by an addition of glycerol or loaf-sugat, the 
lattei substauce sometimes being present in huge proportion in so- 
called “glycerin soaps,” from which glyceiol is wholly absent 

Besides the foiegoiog accidental impurities, legitimate additions aie 
frequently made to soap Thus, potassium and sodium carbonates aie 
added to “cold-water soap” to communicate the powei of latheiing 
leadily with hard water, and to mciease the detergent propeities 
generally, sodium silicate is often added to soap intended for manu- 
facturing uses and, though objectionable m some cases, must be con- 
sideied a legitimate addition in others Sodium aluramate is some- 
times employed, and boiax, which itself possesses deteigent pioper- 
ties of a marked character, is also used Petroleum naphtha to the 
extent of 10 per cent is sometimes mcoiporated with soap It is said 
to increase the deteigent action, A soap of this kind, now largely sold 
in the United States, is prepared by mixing the petroleum product 
with a rosin soap-mass and adding this to a common soap 

Small proportions of various substances are also added to soap as 
colonng and peifuming agents Mottling is pioduccd by iron salts, 
ochre, ultiamanne, or even more objectionable matters, such as ver- 
milion and copper arsenite Such additions lemain as a residue on 
dissolving the soap m water or spirit, and should never exceed 1 per 
cent even in mottled soap, and should be less in otliei varieties The 
perfuming agents are mostly used in very small quantities, and are 
perfectly ineffective for good or evil, and in some of the medicated 
soaps the additions to which the alleged therapeutic properties of the 
soap are attributed are present m such small pioportion that the same 
remark is applicable 

Medicated soaps are now sold which contain a considerable propor- 
tion of agents, for which more or less curative value is claimed. 
Among these may be enumerated caibolic and cresylic acids, thymol, 
naphthalene and creosote oils, petroleum, vaseline, camphoi, and gel- 
atin 

A number of insoluble and inert organic and inorganic substances 
are added to soap, either with the alleged object of imparting special 
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characters, hr manifestly to act the part of " filling ’* or adulterants. 
Among these may be enumerated oatmeal, bran, sawdust, barium sul- 
phate, steatite, china-clay, pipe-clay, fuller’s eaitb, sand, pumice-stone, 
kieselguhr, chalk, and whiting Dr. Leffmnnn found S3 per cent of 
mineral matter in a sample of red Castile soap The so-called “ saud 
soaps” now largely used for scouring purposes are usually mixtures of 
common soap, containing much rosin and some fiee alkali, with 
finely pulverised quartz The proportion of quartz is often over 80 per 
cent Diatomaceous earth is also used In a sample of a much ad- 
vertised soap, said to contain milk and sulphur, neither of these bodies 
was found, but there was much china-clay and a notable amount of 
free alkali 

Assay and Analysis of Soaps. 

In analysing soaps care must be taken to obtain a fairly representa- 
tive sample. In the case of hard soaps this is best effected by cutting 
a transverse slice from the middle of the bar or cake A cylinder 
withdrawn from a cake by means of a cork-borer or cheese-sampler 
also affords a fairly good sample. Iu many cases it is necessaiy to le- 
duce the soap to thin shavings or slices, which should be thoroughly 
mixed by shakiog, and piesei ved m a well-closed bottle 

A Comparative Assay of different soaps can be effected in a use- 
ful and simple manner by ascertaining what measute of a standaid 
solution of the sample must be added to a 50 cc of a very dilute 
solution of calcium chloride or sulphate solution m older to obtarn a 
persistent lather on shaking The soap solution is made by dissolving 
10 grm of the sample in proof spirit (sp. gr. 920), filtering, and 
diluting the filtrate with proof spirit to 1 litre. The test is made ex- 
actly as in determining the hardness of waters, the soap solution being 
added to the standard hard water in small quantities at a time until a 
lather is obtained on shaking, which remains for at least five minutes 
when the bottle used for the operation is placed on its side. The 
standard bard water may conveniently be prepared by exactly 
neutralising 40 c c of decmormal sulphuric or hydrochloric acid by 
cautious addition of lime-water, and diluting the solution to 1 litre, 
when it will have a hardness of 14 degrees of Clark’s scale. 



ine op Systematic Scheme foe Analyse 




278 


soars. 


From the preceding list of the numerous substances occurring as 
frequent 01 occasional mgiedients of commercial soaps.it is evident 
that the complete analysis of soap is sometimes a difficult and tedious 
operation In the gieafc nmjouty of cases, however, the examination 
may be re»tneted to a detei munition of the leading constituents, and 
of these some have a gieatei or less impoxtaiice according to the pur- 
pose foi which the soap is intended to be used 

Manufacture! 6 Soups should be tested for the piopoitions of water, 
total alkali, and ciude fatty acids, while the peicentages of caustic 
alkali, alkali-caibouute and silicate, combined fatty and lesm acids, 
and fiee fatty acids and nusapninfied oil aie secondary determinations 
which are fiequcntly of considerable impoitance 

Household and Laundry Soaps should be tested for the piopoitions 
of watei, alkali as soap, alkali m other foi ms, and total fatty acids 
Phenol should also be determined in soap said to contain it. 

Toilet and Fancy Soups should be tested for water, alkali as soap, 
alkali in other forms, fatty aud lesin acids, glycerol, sugar, and insolu- 
ble mattei s 

Medicated Soaps should be specially examined for the pioportion of 
the active or ipom-active constituent said to be pit-sent, such as phenol, 
sulphui, thymol, tar, and vaseline 

The table on page 277 exhibits a systematic scheme for the complete 
analysis of even a complex soap It is mainly based on the scheme 
drawn up by C R Alder Wnglit and C. Thompson, winch is a modi- 
fication of that of A R Leeds, who appeals m gieat raeasuie to have 
derived lus method fiorn the fiist edition of this work. With the sub- 
sequent detailed instructions and extensions it includes methods of 
determining or detecting the great majority of the substances met 
with in commeicial soaps. The plan of procedure is so ananged as to 
peiniit of the examination of ordinary soaps being very simply con- 
ducted, while allowing any special ingredient to be sought for and 
detei mined. 

A. Determination op Water, 

The determination of the proportion of water in soap is important, 
and requires considerable care to ensure accuiate results If the soap 
be a solid one, a fairly representative sample should be i educed to fine 
shavings by scraping with a knife A known weight is then exposed 
for some time to a temperature of 40° or 50° C., the heat being grad- 
ually raised to 100° C , and continued at that temperature as long as 
loss of weight is observed. The soap should not be allowed to melt. 



SOAPS 


279 


A bettei method is to dissolve about 2 grm. of the soap in the 
minimum quantity of hot stiong alcohol, and to pour the liquid on a 
known weight of clean diy sand, which is theu exposed with ftequent 
staring to a tenipeiature of 110° C The tiaces of alcohol picsent m 
tiansparent toilet soaps which have been punfied by solution in spiiit, 
aie volatilised with the watei, and if 50 or 100 gun. of the sample 
he mixed with saud or powdered pumice, aud giadually heated in a 
letoit to 120°, the alcohol may be deduced from the specific giavity of 
the distillate. The water in soap may also be deteimined lapully, and 
with ample accuiacy for most puiposes, m a manner lecomraended by 
Watson Smith ( Jour Soc. Dyers and Colourists , i 31) From 5 to 10 
gim of the fiuely divided sample should he placed in a laige poice- 
lam ciucible, set in a sand bath which is heated by a small Bunsen 
flame. The soap is continually stirred with a glass rod (weighed with 
the crucible) having a loughed and jagged end, a peculianty which 
gieatly facilitates the stimng and bieaking up of the lumps of soap 
foimed towards the end of the operation. The opeiatiou is usually 
complete in 20 to 30 minutes, and is known to be at an end when a 
piece of plate glass placed over the ciucible (the flame being leraoved) 
is no longei bedewed with moistuie Care is lequired to prevent 
burning of the soap, blit the odoi thus developed is so cbaiacteiistic 
that the manipulation is easily controlled. Smith finds the lesults 
trustworthy to 0 25 per cent. 

The pi oportion of water in soap varies greatly In the so-called 
“ dry soaps,” and in some of the best lands of cuid soap, it does not 
exceed 16 to 20 per cent, while in mferioi soaps made from coconut 
oil it sometimes leaches 70 to 80 per cent 

B Solution in Petroleum Spirit, 

Under ordinary cucumstances, the mattei dissolved fiom diy soap 
on treatment with petioleum spmt consists merely of unsaponified 
fats or of fr ee fatty acids Insignificant propoi tions of unsaponifiable 
matter natuial to fixed oils may also be present, and nitrobenzene and 
essential oils used for scenting the soap will also be dissolved. If 
Yorkshne grease has been used m manufactunng the soap, the residue 
may contain cholesterol. Cetyl alcohol from .spermaceti and myricyl 
alcohol from beeswax and caruauba wax will also be piesent if these 
waxes have been employed. If added to the made soap, of course the 
unsaponified waxes will be dissolved out, instead of simply the solid 
alcohols resulting from their saponification. If the presence of waxes 
is suspected befoiehand.or from the amount or appearance of the resi- 
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due obtained on evapoiatmg a portion of the solution, the residual soap 
should bo finther exhausted with boiling toluene, which dissolves the 
wax-alcohols better than peti oleum spmt 

The lesulue fiom medicated soaps may also contain metallic oleates 
and free embolic and aesylic acids, thymol, and hydi ocarbons, such as 
vaseline and other neutial petroleum and tar pioducts 
When the natuie or amount of tho residue obtained on evaporating 
a small aliquot part of the petioleum spmt solution indicates the 
desirability of further examining it, the unevaporated poition should 
be tieated in the manner directed in the following table — 


SysmiATic SrpARUiox or Un^aponifikd Mahers mom Soap 
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Hydroem bans, such as petroleum, vaseline, and coaltar oils, are 
sometimes introduced into soap to a considerable extent Although 
quite incapable of undergoing saponification, they may neveitheless 
exist in soap in notable proportion without tlieir presence being sus- 
pected ; for if not used in excessive amount, and especially if carnauba 
wax be also added, they remain m peifect solution when the soap is 
dissolved in water or alcohol, -and, on decomposing the solution with an 
acid, they pass wholly into the oily layer of fatty and resin acids 
The presence of hydrocarbons m soap may sometimes be detected 
by the fluorescence exhibited by the ethereal solution of the fatty 
acids. If in considerable quantity, they may be partially separated 
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by subjecting the dry soap to a gradually increasing heat, when the 
hydrocarbons will distil, together with any othei volatile mattei which 
may be present. 

The most satisfactory means of detecting and deteimming hydro- 
carbons in soap is to extract them by agitating the aqueous solution of 
the sample with ether and caustic alkali as described below Any am- 
sapomfied fat will, however, be simultaneously dissolved by the ether, 
and must either be separated by saponifying the ether-residue with 
alcoholic potash, and again agitating the solution of the lesultant soap 
with etRer, 01 the original soap may be evaporated with alcoholic 
potash, and the residue dissolved in water and treated with ether. 

The directions given in the foregoing table do not lequue fuither 
comment, except in the case of the method indicated for the deter- 
mination of phenols Carbolic and cresyhc acids, and some other 
substances, aie dissolved on treating the soap with petroleum spmt, 
and can be separated from the admixed fatty acids by precipitating 
the alkaline solution with brine, but the method is faulty foi the 
following reason soaps, and especially common household and soft 
soaps, aie liable to contain fiee caustic alkali which will leact with 
the coal-tar acids added to form bodies not dissolved by peti oleum 
spirit, and hence the phenols obtained are only that portion not taken 
up by the free alkali present m the soap 

The assay of carbolic soap for the percentage of phenols and other 
coal-tar products is most conveniently and accuiately effected by the 
following piocess, which has been extensively employed m the author’s 
laboratory — 5 grm weight of the sample is dissolved m warm water 
with addition of from 20 to 80 c.c of a 10 per cent solution of sodium 
hydroxide, according to the proportion of phenols believed to be 
present. The cooled solution is then agitated with ether, and the 
ethereal layer sepaiated and evaporated at a low temperature and 
weighed. The odor towards the end of the evaporation and that ob- 
served on heating the residue will give considerable information as to 
the nature of the admixture. Odors suggestive of gas-tai aud burn- 
ing gutta-peicha are very common. The alkaline liquid sepaiated 
from the ether is then tieated m a capacious separatoi with excess of 
strong brine, which completely precipitates the fatty acids as sodium 
salts, while the phenols remain in solution. The liquid is well agitated 
to cause the soap to filter and is then passed through a filtei If the 
soap does not coagulate, an addition of a small quantity of tallow or 
palm-oil soap, previously dissolved m water, will usually detenmne 
separation. The precipitated soap is washed twice by agitating it with 
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strong brine, the washings being filtered and added to the main solu- 
tion, which is then diluted to 1 litre 100 c c of this solution (=0 5 
gun of the sample of soap) is then placed in a globular sepaiatoi, and 
acidulated with dilute sulphuric acid, when it should remain peifectly 
clear. 1 Standard broinme-w.itei is then added fiom a buiette, the stopper 
of the separator inserted, and the contents shaken vigoiously Moie 
bromine-water is then added, and the agitation and addition repeated 
alternately until the liquid acquit es a faint but permanent yellow 
tint, showing that a slight excess of bromine 1ms beeu used, If 
crystallised phenol had beeu employed foi makiug the soap, the ad- 
dition of the bromine-water causes the piecipitation of tribromophenol, 
CJIjBrgO, in snow-white crystalline flocks, which allow the faintest 
yellow tint due to excess of bromine to be obseived with gieat facility. 
If cresyhc acid be the chief phenol piesent, the precipitate is milky 
and does not separate well fiom the liquid, hut the end of the reaction 
can still be observed. The addition of a solution containing a known 
amount of crjstallised phenol is a useful device in many cases, as the 
precipitate then cu idles leadily, and the yellow coloiation can be 
easily seen 

The biomiue solution is made by mixing in a separator one measure 
of aatuiated biomme-water with two measures of watei This solu- 
tion is approximately 1 per cent, and should be run out from the tap 
of the separator into the Mohr’s buiette used for the titration The 
burette should be closely coveied, nud the last few c c of the solution 
contained in it should never be employed for the titiation, as it is apt 
to have become weak The brotuine-water must be standardised im- 
mediately before or after use, by a solution of Calvert's No 2 or No 
5 carbolic acid, uccoiding to the kind of acid the titration 1ms indi- 
cated to have beeu present in the soap This solution is made by dis- 
solving 0 5 grm. of the coal-tar acid in 20 c.c. of a 10 per cent, solu- 
tion of sodium hydroxide, togetbei with 5 grm of a non-carbolic 
soap The solution is then precipitated with bane in the same mannei 
as the sample, the filtrate diluted to 1 litre, and 100 c.c acidulated 
and titrated with the bromine used for the sample The volume of 
bromine solution used is that required by 0 050 grm of coal-tar acid 
of approximately the same quality as that contained in the soap. 

The remaining portion of the liquid filtered fiom the piecipitate of 
soap may be evaporated to a small bulk, acidulated with dilute sul- 

1 A ]'r« lpitntion at this stage indicates the incomplete removal of the fatty acids In 
such ease, 200 co of the alkaline solution (should be treated with common salt in powder 
the solution filtered through a dry flltor, and 100 u of the filtrate acidified as before, 
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phunc acid, and the separated phenols measured, but the quantity is 
not sufficient to make the method satisfactory It is generally better 
to employ the solution for the isolation of the bromo-derivatives. For 
this purpose it is acidulated with dilute sulphuric acid (without previ- 
ous concentration), and bromine-water added in slight excess. Fiorn 
5 to 10 c c of carbon disulphide are then added, the liquid well 
agitated, and the carbon disulphide tapped off into a small beaker 
The aqueous liquid is agitated with fresh quantities of carbon disul- 
phide (of 5 c c each) till it no longer acquires a red or yellow coioi. 
The carbon disulphide is then allowed to evaporate spontaneously, 
when a residue is obtained consisting of the brommated derivatives of 
the phenols present in the soap If crystallised cai bohc acid of fairly 
good quality had been intioduced into the soap, the bromo derivative 
is obtained in fine long needles having veiy little color, and, if all 
heating was avoided during the evapoiation of the caibon disulphide, 
the weight of the residue multiplied by 0 281 gives a fair approxima- 
tion to the amount of carbolic acid ; but if a ciude liquid aiticle has 
been employed, consisting mainly of cresy lie acid (e.g , Calveit’s “ No. 
5 carbolic acid ”), the bromo-denvative will be deep yellow, orange, 
or red, with little or no tendency to crystallise, and the weight will 
not afford even a rough indication of the amount of coal-tar acid 
present. 

Lewkowitsch considers the following rapid piocess sufficiently ac- 
curate for practical purposes Weigh off a somewhat large amount of 
the sample, say 100 grm., treat as described to separate the soap, boil 
down the solution of the phenate to a small bulk, transfer to a stop- 
pered measuring cylinder of 50 or 100 c c capacity, add sufficient salt 
so that some remains undissolved, and acidify with sulphuric acid 
The volume of the separated phenols is then read off and the number 
of cubic centimeters taken as so many grams 

The following table shows some of the results obtained in the 
author’s laboratory by the assay of representative samples of commer- 
cial carbolic soap The descriptions of the soaps given, by the manu- 
facturers are strictly adhered to, and m cases where two samples are 
described in the same words they were manufactuied by different 
firms • — 
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It will be observed that in No 1 sample, described as containing 20 
per cent, of crjbtallised embolic acid, 30 5 per cent, was actually 
found, winch lesult was confiimed by weighing the tribro mo phenol, 
which crystallised m beautiful coloiless needles. In some cases the 
propoi tion of phenols found was notably less than the amount stated 
lo be piesent, and tins was especially the case with both No. 3 and No. 
4, though these soaps were'^made by different firms It must, however, 
be boine m mind that a loss of 2 or even of 3 per cent of phenol is 
liable to occur through evaporation 

G Residue Insoluble in Petroleum Spirit 

The portion of the sample not volatile at 100° and insoluble in 
petroleum spirit leally constitutes the soap pioper 

In analysing soap of known origin and geueial composition, it is 
often wholly uunecessaiy to go through the previous operations of dry- 
ing and exhaustion with petioleum spmt. In such cases it is evidently 
preferable to weigh out 10 grm of the original soap and at ouce 
treat it with hot water 

D Aqueous Solution or the Purified Soap. 

In most cases soap will dissolve almost completely in boiling water, 
but if a, large quantity of the solvent be employed, hydiolysis occurs 
to a serious extent, and if such a liquid be filtered, a notable quantity 
of acid soap may be removed Hence it is better when possible to 
separate' any insoluble matter by decantation When the proportion 
of insoluble matter is inconsiderable, there is no occasion to separate it, 
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as with proper management it will not interfere with the subsequent 
operations An exception occurs in the case of calcium carbonate, 
which, if not lemoved, will neutralise acid and render the figure for 
the total alkali too high 

In many cases the aqueous solution of the soap may be advanta- 
geously agitated with ether at this stage Such treatment obviates the 
necessity of previously extracting the dried soap with petroleum spirit, 
while it removes hydrocarbons, vnsapomfied oil, and /i ee falty acids in a 
very satisfactory manner The ethereal layer having been separated 
(see page 52), the aqueous liquid is again shaken with ether, which is 
separated as before. The etheieal solution may then be treated in ex- 
actly the same manner as is duected for the petroleum spirit solution on 
page 280, while the aqueous liquid can be at once titiated with standard 
acid, though for convenience of subsequent manipulation of the fatty 
acids it is desirable first to remove the dissolved ether by boiling the 
solution in a capacious flask. 

E. Separation op Fatty Acids. 

For decomposing the aqueous solution of the soap, iioimal sulphuric 
acid possesses some advantages, and should be used in moderation, an 
excess of 5 to 10 c c beyond that necessary to combine with the alkali 
present being sufficient. Wright and Thompson prefer to substitute 
standard nitric acid, as it enables the sulphates to be determined by 
barium chloride in one portion of the filtrate, and the chlorides by 
silver nitrate in another. 

The method of manipulation foi the separation of the oily layer of 
fatty acids from the aqueous liquid depends on cucumstances 

When the soap is chiefly a steaiate or palmitate, as that made from 
tallow or palm oil, the liberated fatty acids are solid when cold, and 
in such cases there is no better plan than to effect their piecipitation 
in a beaker or vessel, of such shape that the cake can be directly re- 
moved, wiped with blotting-paper, and weighed Precipitation in a 
conical flask, as described on page 190, is advantageous in some cases 

If the fatty acids are liquid at the ordinary temperatuie, oi form a 
cake deficient in consistency, a known weight of dry, bleached bees- 
wax oi stearic acid may be added to the hot liquid. The fatty acids 
become amalgamated with the melted wax, and, on cooling, a firm 
coherent cake is formed, which may be at once wiped and weighed. 
The weight of wax added (which should be about the same as that of 
the soap employed) being deducted fiom. that of the cake, the weight 
of the crude fatty acids is at once found 
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As a rule, the author piefers to affect the decomposition of the soap 
solution in a tapped sep.iratoi, running oil the aqueous liquid through 
a wet filter, and subsequent!} allow mg the fatty acids also to iun on 
to the filter, wlieie they me washed with boiling water, and subse- 
quently treated as described on page 51 This method of tieatmeut is 
the best when it is desned to make a fuither examination of the sepa- 
rated fatty acids 

Coconut and palmnut oil sonps yield fatty acids not wholly insolu- 
ble in hot water In such cases the precipitation of the acids should 
be conducted in a tolerably concentiated liquid, which may be advan- 
tageously saturated with common salt The washing of the separated 
acids should be restricted, and bune may be advautageotisly used, 
while the drying should be effected with as little exposure to beat as 
possible 

F. Solution Separated prom hub Fatty Acids 

The method described in the table for determining the total alkali of 
soap is, m most cases, highly satisfactoiy The lesult is not affeeted 
by the omission to treat the soap with petioleum spirit befoie dissolv- 
ing it in water, and oidmaiy insoluble matteis do not interfere If, 
however, an insoluble caibonate be present, it will neutralise acid, and 
must bo separated, or the figuie for alkali will be too high (see p 292). 

Instead of at once adding an excc=s of standard acid, then titrating 
back, ami thus a«c.ei taming the volume lequued to neutralise the 
alkali of the snap, the standaid sulphuric acid may be added gradually 
to the soip solution, until the neutial point, as indicated by methyl- 
oiangp, is reached An excess of acid is then added, and the fatty 
acids sepaiatcd as befoie 

The volumetnc method of determining the alkali does not distin- 
guish between potash and soda, and hence, if the nature of the alkali 
present be unknown, the determination is not absolute, but simply an 
expression of the alkali in terms of potash 01 soda If further infor- 
mation be required, the examination must be made as descubed on 
page 293 

The solution separated from the fatty acids, and neutralised with 
standard alkali, will, of course, contain alkali sulphates In addition, 
it may contain sodium chloride, soluble fatty acids, glycerol, sugar, 
dextrin, starch, gelatin, and other matters. Foi the detection and 
determination of these it is necessary to operate on separate aliquot 
portions of the solution 

If nitric acid has been used instead of sulphuric acid at the previous 
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stage of tlie process, the sulphates may be determined by piecipitating 
an aliquot pait of the solution with barium chloiide. 

a. Sodium chloride may be determined by titration with decmoimal 
silver mtiate, or deduced from the weight of the silvei chloride pre- 
cipitate. 

h Soluble fatty acids rarely lequue determination in soap. If tlie 
precautions ou page 285 are adopted m separating the fatty acids from 
coconut and palmnut oil soaps, only insignificant quantities of soluble 
fatty acids will remain m the aqueous liquid If desired, these may 
be deteunmed by distilling the acidulated solution, as described ou 
page 49, but their amount may also be ascertained m the following 
simple manner. Titrate a ceitam volume of the solution with stand- 
aid alkali, using phenolphtlialem as an indicator. Titiate another 
portion of equal measure with the same alkali, using methyl-orange 
to indicate the point of neutrality The alkali consumed in the second 
case coriesponds to the fiee mineral acid ouly, while the difference be- 
tween this and the fiist detei mination gives the volume of alkali re- 
quired to neutralise the soluble acids piesent One c c. of noimal alkali 
corresponds to 0 144 grm of caprylic acid, C 8 H| 6 0 2 1 

J. A Wilson ( Ghem News, 1891, 205) employs the following proc- 
ess in the piesence of soluble fatty acids — 

1 The alkali in all forms is detei mined by titration with standard 
acid in the usual manner 

2. Another weighed quantity of the soap is decomposed m an Erlen- 
meyer flask with a slight excess of dilute sulphuiic acid, and the flask 
kept on the water-bath until the fatty acids separate quite cleai. The 
flask is placed m ice- water to cool and then filtered. The fatty acids 
aie washed three times successively with 250 c.c. of boiling watei, 
allowed to cool each time, and filteied. Tlie united filtiatesare diluted 
to a litie and 500 cc. placed in a beaker ami tinted with methyl- 
orange ; decinormal alkali is then run in until the liquid acquires the 

1 A possible) method of determining tbo total fatty acids in coconut and palmnut oil 
soaps is as follows — Separate the fatty acids In the ordinary manner, but in as concen- 
trated a solution as possible Agitato the aqueous liquid with a little other, separate, and 
extract any dissolved fatty acids fiom the ether by agitating with dlluto caustic soda solu- 
tion Employ the alkaline solution obtained to neutralise tho mam quantity of fatty 
acids, and add a few diops of phenolphtlialem, and then more cauetlo soda solution, 
diop by drop, until tho pink color just remains permanent Thon precipitate the hot 
liquid with a slight excess of magnesium sulphate, filter, wash with hot water, dry the 
precipitate at 100° C, ond weigh Ignite tho prcoipitato and weigh tlie residual MgO 
Tho dillcrcnco is tho weight of fatty anhydrides forming insoluble salts with magnesia 
Evaporate tho filtrate, diy the residue at 100° C, and weigh Ignite and weigh again. 
The difference is tho weight of fatty anhydrides terming soluble salts with magnesia 
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usual color, after which a little phenolphtlialem is added and the 
addition of standard alkali continued until a permanent pink is estab- 
lished The amount used in the latter titration is due to soluble acids 
and is calculated to caprylic acid The fatty acids in the flask and 
that ou the filter are dned and weighed, and then dissolved in alcohol 
and titrated with half-normal alkali The amount so used, together 
with that required for neutralisation of the soluble acids, deducted 
from the total alkali, gives the alkali existing in forms other than as 
soap. 

Of course, if desired, the soap may be decomposed with standard 
sulphuric acul, methyl-orange added, and the alkali required for neu- 
tralisation noted; this, deducted from the total acid used, would give 
the acid equivalent to the alkali existing m all forms. In this manner 
are determined . — 

Total alkali, 

Combined alkali, 

Insoluble fatty nods, . 

Soluble bitty at ids, 

c. Glgretol may exist in soap in variable ainouut. In the absence 
of sugar, it may be determined with considerable accuracy by the 
permanganate process. When glycerol is pieseut in considerable 
amount m soap, Lewkowitsch makes the determination by dissolving 
it in water, separating the fatty matter with acid, and filtering off. 
The filtrate is then neutralised with barium caibonate and boiled 
down to the consistency of syiup The residue is then extracted with 
a mixture of three parts of 95 per cent, alcohol and ono part ether, 
the alcoholic solution filtered and evapoiated on the water-bath to 
small bulk, and finally diied under a desiccator. The glycerol in 
the lesulue may be determined by the acetm method. A more con- 
venient method is that of Heliner with potassium dichromate (see 
under “ Glycerol ”) The presence of sugar rendeis the above methods 
wholly useless, aud one of the plans described below must be adopted. 

d. Sugar is rarely present except in transparent toilet soaps, but in 
these it sometimes exists to the extent of 20 to 30 per cent, of the en- 
tire weight, or in a proportion approaching that of the anhydrous 
soap present Such soap is sometimes sold as “ glycerin soap,” though 
wholly destitute of glycerol 

According to Donath and Mayrhofer (Zeit f Anal. Chem , 1881, 
383) the determination of sugar and glycerol may be made by adding to 
the solution slaked lime sufficient to combine with the sugar and an 
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equal quantity of washed and ignited sand, boiling down to the con- 
sistency of syrup, pulverising the cooled residue and exhausting it in a 
closed vessel with 80-100 c.c of a mixture of equal parts of ether and 
alcohol. The glycerol will pass into solution, and, after cautious 
evaporation of the solvent, may be determined by the acetin or oxida- 
tion process. (See also “ Isolation of Glycerol.”) 

Sugar may be determined by Fehling’a solution, after inversion, 
without pieviously separating the glycerol, but the solution should be 
dilute and the boiling very limited in duration, or the glycerol will 
probably cause some reduction. 

In an aqueous liquid containing no other bodies than sugar and 
glycerol, the amount of glycerol may be deduced from the specific 
gravity of the liquid. The sugar having been previously detei mined 
by Fehhng's solution or other means, its effect on tho specific gravity 
can he readily calculated , and this being deducted from the observed 
specific gravity, gives that due to the glycerol present m the liquid. 
(See “ Glycerol ”)‘‘See Addenda ” 

Organic matters, such as starch, dextrin, gelatin, &c , may be de- 
tected by special tests , but their recognition is more easy and certain 
in residue L, left on treating the purified soap with alcohol. 

G Examination of the Oily Layer of Fatty Acids. 

The separation of the liberated fatty acids from the acidulated 
aqueous solution has already been described If wax or stearic acid 
has been employed for the purpose of obtaining a solid cake, the 
further treatment of the fatty acids is practically limited to drying 
them aud determining their weight. In many cases, however, it is of 
interest or impoitance to make a furthei examination of the oily 
layer, which in that case should be treated as described on page 1)8 

The oily layer may contain fatty acids, the acids of resin or col- 
ophony, coaUtai products which existed as salts in the original soap, and 
other bodies of acid character and limited solubility in water If the 
treatment with petioleum spirit has been omitted, the oily layer may 
contain various hydi ocarbons, maxes and wax alcohols, unsaponified fat, 
&c. In such a case the proximate analysis is best made as indicated 
in the table on page 280. When only fatty and resin acids are to be 
deteimmed, they may be separated by Twitchell’s method (p 107) ; 
but it must be remembered that any unsaponified oil may contaminate 
the resin acid and be determined as such Resin acids may be de- 
tected by Liebermann’s reaction, as follows . — A portion of the fatty 
acids is shaken up with acetic anhydride and heated gently. After 
VOL II —19 
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cooling, the acetic anhydride is drawn off by means of a pipette, and a 
drop of concentrated sulphuric acid added In the presence of resin 
acids a fugitive violet color is produced. Morawski recommends the 
use of sulpliinic acid of 153 specific gravity as less apt to produce 
interfering color Coal-tar acids may be determined by the bromine- 
titration process described on page 281 

It is often important to ascertain the origin of the fatty acids from 
soap In some cases this may be satisfactorily solved by a study of 
their physical and chemical properties Thus, the melting and solidi- 
fying points of the fatty acids from various sources are given on 
pages 238 and 239, and Archbutt has communicated the following de- 
terminations of the specific gravities of the acids from various oils. 
The observations weie made at the boiling point of water by means of 
a Spiengel-tube, and the figures express the specific gravities of the 
fatty acids at the boiling point of water, compared with water at 
15*5° C. 






Specific Guaviti 


Olive oil, genuine 
Gtil’hpoli, 

Colza oil 
Repo oil 
Cottonseed oil 


*422 

8404 

8423 

8448 


Nigt raced oil 
Ijinwcd oil 
Train oil 





Spi 


•8540 

8583 

•8580 

8438 

8367 


Much information can be gamed by determining the combining 
weight as described on page 236 The figuies yielded by the acids 
from various oils are given on page 238, and in other cases they 
may be calculated from the saponification-equivalents recorded on 
page 55 The combining weight of the insoluble acids is usually 
less than the saponification-equivalent of the oil by about 13 to 14. 
This statement only applies to those oils yielding about 95 to 96 per 
cent, of insoluble fatty acids on saponification. 

Similarly, the iodine-absorptions of the insoluble fatty acids (p 
237) are moie or less characteristic of then origin, but are subject to 
the same limitations as are stated above to apply to the saponification- 
equivalents 

In cases in which the fatty acids are practically insoluble in water, 
a titration in alcoholic solution with standard alkali and phenol- 
phthalem affords a simple and accurate means of ascertaining the 
proportion of alkali existing m combination with the fatty and i mn 
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adds, as it is evident that the amount of alkali required for neutralisa- 
tion of the separated acids must be the same as that with wlneh they 
had been previously in combination. 

The fact that the soaps produced by the saponification of coconut 
and palmnut oils are not readily precipitated by solution of common 
salt, may, according to W. Lant Carpenter, be employed for detecting 
the presence of these oils in soap. A sufficient quantity of the soap 
should be dissolved in hot water, and the fatty acids liberated by 
acidulating the solution, and separated without special washing or use 
of ether. Carpenter then directs 10 grm. of the fatty acids to be 
treated with 39 to 40 c c. of a normal solution of caustic soda, or a 
volume just sufficient to dissolve them completely. The whole is then 
boiled, and the weight of the liquid brought to 50 grm. by evapora- 
tion or cautious addition of water. A saturated solution of common 
salt (previously boiled with a few drops of sodium carbonate and 
filtered from any precipitate) is then run in gindually from a burette, 
the liquid being constantly stirred and kept gently boiling. The ad- 
dition is continued until the soap suddenly precipitates, a point which 
is usually sharply marked The soap from ordinary oils is precipi- 
tated when from 8 to 10 c c of the salt solution has been added, but 
that from coconut oil requires an addition of more than 50 c o. 
Mixtures of the fatty acids from coconut or palmnut oil with those 
from other oils will of course require a volume of brine intermediate 
between these two limits. 

I. Exhaustion op the Soap with Alcohol 

If the original soap be tolerably dry, ordinary rectified spirit is 
usually sufficiently strong for the treatment at this stage ; but if the 
sample contain much water, absolute, or nearly absolute, alcohol 
should be used, or the solution will have an objectionable tendency to 
gelatinise dunng filtration and other inconveniences will arise It is 
recommended by both Leeds and Wright that the portion of the soap 
to be treated with alcohol should be a part of that previously ex- 
hausted with petroleum spirit, but, as pointed out by C. Hope, it is 
not possible to dry soap effectually without a notable conversion of 
the caustic alkali into carbonate. The treatment with alcohol can be 
effected either m the Soxblet-tube, or by boiling the soap with the sol- 
vent, and filtering and washing in the usual way. 

K Examination of the Alcoholic Solution 

a. The determination of the/iee caustic alkali existing in soap cam 
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be effected very simply and accurately by the method of C Hope 
described in the table, the enor raiely exceeding 0‘25 per cent of the 
total fiee alkali present. The test may be applied qualitatively, by 
dropping an alcoholic solution of phenolphthaleiu on to a freshly cut 
surface of the soap, when a led coloration will be produced, the in- 
tensity of which increases with the pioportion of the alkali pieseut 
Caustic or carbonated alkali will also be indicated by the black or 
grey coloration produced by dropping mercurous nitrate on the freshly- 
cut surface Each 1 cc of normal acid neutralised represents 0 0471 
gnu of KjO, 0 0561 of KHO, 0 031 of Na s O, or 0 040 of NaHO. 
Should it be desned to asceitam whether the free alkali consist of 
potash or of soda, the method described on page 294 must be em- 
ployed. 

It is possible to have a negative alkalinity shown at this stage. This 
result is duo to, the presence of fiee fatty acid or a diacid salt, but 
acidity of the alcohol may produce the same effect The volume of 
standard alkali requned to be added before a pink color appenisshould 
be calculated to its equivalent of oleic acid, which is stated in the 
analysis as existing in the free state Any difference between this 
amount and that found in the petioleum spirit solution is due to a 
partial neutralisation of the free acid coexisting in the imperfectly 
mixed soap The following method of treating the alcoholic solution 
of a soap in such a manner as to allow of the determination of the 
leading constituents in a very rapid mannei has been communicated 
to the author by C Hope — 2 grin, of the soap are dissolved in hot 
absolute alcohol, a drop of-phenolphthalein solution added, and carbon 
dioxide passed till any pink coloration is destroyed. The liquid is 
then filtered, the lesidue, consisting of total impurities, washed with 
hot alcohol, weighed, and then titrated with decmormal acid and 
methyl-orange to find the alkali not existing as soap. The alcoholio 
solution is evaporated to diyness at 100°, and the residue of dry soap 
weighed when constant It is then ignited gently, tieated with water, 
and the solution titiated with decinoimnl acid nud methyl-orange to 
find the alkali existing as soap. The difference between this and the 
total residue before ignition gives the fatty anhydudes, which, multi- 
plied by 1’03, gives the fatty acids The water is found with sufficient 
accuracy by subtracting the sum of the weights of the impurities and 
dry soap from 100'00. 

It is necessary to avoid confusion between the alkali existing in a 
Boap in the form of caustic potash oi soda, and that existing therein 
SB a carbonate, silicate, or borate. If the determination be made in. 



293 


the alcoholic solution, as lecommended, the caustic alkali alone will 
be piesent, the othei compounds capable of neutralising acid being 
insoluble in spmt On the other hand, the standaid acid requited to 
neutialise the aqueous solution of the soap (page 28G) includes that 
corresponding to any soluble carbonate, silicate, and borate 01 aluminate 
in the sample. 

The alcoholic solution of the soap rendered neutial to phenol- 
phthalein may be conveniently employed to determine the allah c list- 
ing in combination with the fatty and icsin acids of the sample To 
effect this, it is merely necessaiy to add a few drops of raethyl-oiange 
solution to the neutralised liquid, and then at once titrate with stand- 
ard sulphuuc or hydiochlouc acid. The point of neutrality isshaiply 
marked by the production of a pink color, and the accuracy of the 
results are all that could be desired. 

In oidei to pievent misunderstanding, the volumetiic methods of 
ascei taming the propoitions of alkali existing id soap in vauous con- 
ditions may be recapitulated as follows — 

In alcoholic solution of soap — 1 Acid required to establish neutrality 
to plienolphthalem corresponds to/iee caustic allah, and is calculated 
to NaHO, ICHO, Na,0, 01 K a O, accoidmg to cncurastances 2 Acid 
subsequently lequned by same solution to produce neutiahty to 
methyl-orange repiesents the allah existing as soaps of fatty and lesin 
acids 

In sestdue insoluble in alcohol — 3. Acid requited to pioduce neu- 
trality to methyl-orange coneeponds to allah existing as caibonate, 
silicate, and borate 

In aqueous solution of soap — 4. Acid required to produce neutiahty 
to methyl orauge corresponds to total allah, whethei existing as hy- 
droxide, fatty acid soap, ie«in soap, carbonate, silicate, boiate, illum- 
inate, and soluble lime This determination should theiefore agree 
with the sum of 1, 2, and 3, or if any two of these have been deter- 
mined the third will be the difference between then sum and the total 
alkali (4) 

The volumetric determination of the alkali in soap gives no informa- 
tion as to whether it is potash or soda, or a nnxtuie of them To 
ascertain this it is necessary to separate them as sulphates or chlorides. 
This is best effected by treating the alcoholic solution of the soap 
whioh has been used for the determination of alkali, and is neutral to 
methyl-orange, with strong baiyta-water, until the formation of a per- 
manent pink tint shows that the liquid is distinctly alkaline to phenol- 
plithalein, A saturated. solution of barium chloride is then added, as 
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long as further precipitation occurs, when tlie liquid is filteied fiom 
the hnnum sulphate and barium sonp The filtrate is evapoiated to 
diyness, and the residue cautiously ignited nt the lowest possible tem- 
peratuie. The lesidue is dissolved in watei, the solution filtered, mid 
treated with ammonia and ammonium caibonate, the precipitate 
filtered off, the filtiate again evaporated to diyness, and the residue 
gently ignited and weighed In the mixed chlondes thus obtained, 
the potassium and sodium may be indirectly deduced from the per- 
centage of chlorine present, or the potassium may be directly deter- 
mined as potassium platinum chlonde in the usual manner. The 
dutei mination of tlie chlorine by dissolving the residue in water, and 
caiefutly titrating one-lmlf of tlie solution with decinormal silver 
nitiate, using neutral potassium chromate as an indicator, will usually 
give sufficient information, and will, at any rate, suffice to show 
whether the residue consists essentially of potassium chloride or of 
sodium chloride, 01 , if a mixture of the two, the approximate propor- 
tions m which they aie mixed 
The following formula may be used for calculation • — 



L, Residue Insoluble in Alcohol. 

After diying and weighing the residue obtained at this stage, a 
minute quantity of it may be advantageously examined under the 
microscope, by which many substances will be revealed by their char- 
acteristic structure. Iodine solution will color starch granules blue 
and render them more distinct 

If staich be found under the microscope, it is sometimes desirable 
to treat tlie residue with cold water, and examine the solution thus 
obtained '•eparatdy fiom that subsequently obtained by the use of 
boiling water. Starch and gelatin will be contained in the latter only, 
but sodium silicate may be present in both solutions, a cuoumstance 
which is apt to occasion an undesirable complication. 

M Ex 1 MINATION OP THE AQUEOUS SOLUTION OP THE RESIDUE. 

Befoie dividing the aqueous solution and titrating one-lialf with 
standard acid in the mannei described in the table, it is sometimes 
desirable to make a direct deteimination of the carbon dioxide 
evolved on treatment with acid, so as to obtain a means of calculating 
the amount of alkali caibonate present. This is necessary when the 
soap contains borate or silicate in addition, but otherwise the car- 



soaps 295 

bonate can be deduced with accuracy from the titration of the solution 
with standard acid. To determine the carbonate directly, the con- 
centiated solution should be tieated with a moderate excess of standard 
acid in a caihon dioxide appaiatus, and the evolved carbon dioxide 
asceitained by the loss of weight, precipitation as banum carbonate, 
or measurement in a mtiometer. 44 parts of CO, correspond to 138 2 
of K.COj, or 10(5 of Na 2 C0 3 . 

1 After expelling the last of the carbon dioxide by warming the 
acidulated liquid, the solution should be divided into two or more 
equal paits, in one of which the excess of acid is determined by 
titrating back with standaid sodium caibouate and methyl mange, and 
hence the sum of the alkali existing in the four foims of caibonate, 
silicate, borate, and alwmmaie ascertained, while the other poition is 
examined foi borate, silicate, and alummate as in 2 

The solution which has been employed foi the determination of the 
total alkali of the residue may then be divided into two or more 
equal parts, which may be employed foi detei mining sulphates by 
precipitation with barium chloride, staic/i by the methods descnbed in 
vol.i page 414, and to test foi gelatin by means of tannin If gelatin 
be found, it is best detei rained by treating another quantity of the 
soap with strong alcohol, and applying the Kjeldahl method to the 
residue, Gelatin contains about 17 9 per cent of mtiogen 

2, The other half ol the aqueous solution of the residue insoluble in 
alcohol should be rendeied distinctly acid with hydrochloric acid, and 
evaporated at 100° in porcelain A slip of tui meric paper should be 
immersed in the liquid towaids the end of the opeiation, and allowed 
to remain until tjie evapoiation is complete. If a boiate be piesent, 
the paper will become biowmsh red in color, and will be changed to 
green, blue, violet, or black on addition of caustic soda solution. The 
residue is treated with hydrochloiic acid, water added, and the solution 
filtered. The residue of silica is washed, dried, ignited, and weighed. 
As the sodium silicate piesent in soap is not of constant composition, 
though usually approximately conesponding to the formula NajSijOs, 
it is not possible to deduce the amount of alkali existing as silicate 
from the weight of the silica found ; but, in the absence of borates, it 
may be ascertained by determining the caibon dioxide evolved on 
treating the aqueous solution of the residue insoluble in alcohol with 
dilute acid This estimation will give the means of calculating the 
alkali existing as caibonate, and the remamdei of the alkali of the 
residue must exist as silicate (or aluminate). 

The filtrate from the silica may be conveniently employed for de- 



Eei mining sulphate * by precipitation with barium chloride, or of 
aluminium by piecipitation with ammonium hydroxide and of calcium 
in the filtrate by precipitation with ammonium oxalate. C Hope 
states that fiee lmie is not unfiequently piosent in soap, and may be 
detected and determined at this stage. Its presence would tend to 
inciease the “alkali” of the residue insoluble in alcohol. 


N. Residue Insoluble in Petroleum Spirit, Alcohol, and 
Water 

After drying the residue at 100° and noting its weight, it is desirable 
to examine it undei a low microscopic powei, with a view of recognis- 
ing fhuracteiistic oiganic structures, which can be seen much more 
distinctly after the lemoval of the soluble matters 

Whether any fmthei examination of the residue is requisite neces- 
sarily depends on its amount and nature, and the object of the analysis 
Among the various constituents of such a residue the following list 
comprises those most likely to be present — 

1. Infallible Onjunie Malta s , such as sawdust, bran, woody fibre 
from oatmeal, 

2. Miutiul Pigments and Coloring Mattel a , as led ochre, burnt 
umber, various other femigmous materials, red lead, vermihoD, 
Scheele's gieen, chrome green, ultramarine. 

3. Mineral Matters wed as Scouicn; such as sand, powdered quartz, 
pumice, and infiisoiial earth. 

4 Mineral Matteis wed as Adu/tei ants or “Fillings"; such as china 
clay, steatite, banum sulphate, chalk, and whiting 

The systematic lecogmtion and dcteimination of these and other 
possible additions belong to inorganic analysis It is sufficient here to 
indicate the following simple method of classification, with a view to 
facilitate fuithei examination 

Organic watte is may be approximately deteimined by lguiting an 
aliquot ^portion of the lesidue. The loss will include the volatile con- 
stituents of china clay, whiting, led oclue, &c,as well as any ver- 
milion which may be present 

By treatment with dilute hydrochloric acid, the onginal or ignited 
lesidue may be divided into soluble and insoluble constituents The 
former include whiting, chalk, ulti amarine, Scheele’s green, oxide of 
iron, and the gi eater part of the femigmous pigments, while barium 
sulphate, steatite, sand, quartz, pumice, kieselguhr, china clay, chrome 
green, and vermilion are but little acted on. 
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Interpretation of the Results of Analysis of Soaps. 

An ordinal y “soap” maybe legnrded as the hydiated salt of a 
higher fatty acid, or a mixtuie of such salts When a soap is decom- 
posed by a dilute mineral acid, asoccuisiii thecouiseof an analysis, fiee 
fatty acids aie produced, togethei with a chlonde or othei salt of the 
alkali-metal. Thus, in the case of sodium steaiate, which is a typical 
soap, the reaction is as follows — 

lN T aC 18 H 3i 0 2 + HC1 = NaCl + HC 1B 1I M 0, 

Calculating fiom this formula, it is found that, on decomposition 
with acid, sodium stearate yields 928 per cent, of steaiic acid Simi- 
larly, the alkali in the soap would be stated to be 10 13 per cent , so 
that the analysis would be — 

Stearic acid, ... 92 81 per cent 

Soda (Nn 2 0), ... 1013 ,, „ 

102 91 „ „ 

This statement shows an excess of neaily three per cent, owing to 
the hydrolysis which takes place in decomposition It is evident that 
if the basic constituent of a soap be stated as anhydtous alkali, a cor- 
rection must be made in the actual weight of fatty acid found to 
bring it to the corresponding quantity of anhydude 1 668 parts of 
stearic acid, Ci 8 H S0 O;,coriespond to 550 of stearic anhydride, C M TI,o0 3 , 
and the proportions of the respective anhydrides corresponding to 
palmitic and oleic acids are not very different fiom the above Hence 
in soaps made from palm oil, olive oil, and tallow, the necessary cor 


1 la a complete analysis of a soda soap, the constituents should bo stated in the follow 
mg manner — 

fu. Cent PchClkt 

* Fatly anhydrides, —1 

f Sodi existing as soap, . — 1 

t Soda existing as slhcuto, — J 

f Sodium oaihonate, - - 

t Sodium hydroxide (caustic soda, NallO), — 

Sodium sulphate, . - 

Sodium chloride, , - 

Lime, . - ~ 


* = Fatty acida per cent 

t = Total deteigent alkali, as Nn.,0 per i 
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rection of the obseived weight of fatty acids to the corresponding 
quantity of fatty auhydndes may be made by multiplying by the 
factoi 97, 100 parts of C 18 H3 C 0 2 lepiesentmg approximately 97 of 
GjoH 7t ,0 3 But m the case of coconut and castor-oil soap3, and many 
otheis made with mixed oils, this factor is far from accmate, and 
hence it is m all cases decidedly pieferable to determine the mean 
combining weight of the isolated fatty and resin acids, as described on 
page 236, and calculate the con espondiug weight of fatty anhjdmle 
therefiom. The mean combining weight of the anhydride is always 9 
less than that of the coi responding acid. The usual figures for the 
fatty acids isolated from vaiious fatty oils uie given on page 238 
Gassier (J.S G. 1, 1882,370) gives the following analjses of Ger- 
man resin soaps in companson with Sinclan’s “ cold water soap” — 



A considerable nurobei of analyses of soaps have been published, 
but there aie compaiatively few on which much reliance can be 
placed In the great majority of cases the observers appear to have 
been content to state the amount of fatty acids and alkali as deduced 
fiom the ash, the remainder being entered as “watei, Ac " Such 
meagre and inexact information as is supplied by such “ determina- 
tions ” is of very little value The author is indebted to Mr C. Hope 
for the valuable analytical data contained m the table on page 298 
Samples 10 and 18 were prepaied by the “cold process,” and hence 
contained the glycerol produced by the saponification This accounts 
for the sum of the estimated constituents being sensibly below 100 00 
Samples 3, 4, and 12 were the only three which contained fiee caustic 
alkali, and in these it only reached the propoitions of 0 16, 0 26, and 
0 15 per cent of NaHO lespectively. Hope points out that a striking 
featuie of the analyses is the variable composition of the silicate exist- 
ing in the soap, although as added it is toleiably constant in compo- 
sition. This is attributed by Hope to the piopeity possessed both by 
rosin aDd fats of taking alkali fiom sodium silicate, in which case the 
change will occur only in those soaps to which the silicate was added 
before saponification was complete. 
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W. Lant Carpenter gives the following analyses in his treatise on 
Huaph and Candles — 



M Dechan (P/iai m. Jour [3], xv. 870) gives the following as the 
avciage composition of a uurabei of samples of the chief soaps of 
pliai tiucy examined by him — 



PaiLial analyses of vanous lepiesentative samples of carbolic soap 
are given on page 284 

But few complete analyses of soft soap have been published, but the 
pioportion of water in samples of good quality is usually between 35 
and 45 per cent , whilst the anhydrous oxide (IC,0) varies from 8 S to 
112 per cent 

In foiming an opinion as to the quality of a soap, the application to 
be made of it is a primary consideration In piactice, water in 
modeiate pioportion must be regaided as a useless but unavoidable 
constituent, but if piesent m the enoimous pioportion sometimes ob- 
served it can only be regaided as an adulterant 

In some of the best brands of opaque toilet-soap made by special 
methods, the proportion of water does not exceed 10 or 12 per cent , 
but the inajouty of the best qualities of soap, known as Marseilles, 
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curd, blown Windsor, honey, and pruuiose, contain fiom 17 to 24 per 
cent, of water. In some of the transparent toilet soaps, made by 
solution in alcohol, the proportion of watei is very small (9 to 10 per 
cent), but this advantage is moie than countet balanced by the pres- 
ence of 20 to 30 pei cent of sugar Tinnsparent soaps made in other 
ways, as by the “ cold piocess,” lately contain half their weight of 
actual soap, the remainder consisting ot watei and sugar 

Practically, the propoition of alkali in a soap is the best single test 
of its quality, but here again a distinction must be drawn between 
alkali existiug m combination with fatty and resin acids, or, in. other 
woids, as true soap, and that existing in other conditions, particularly 
the caustic state Wnght ai ranges toilet soaps m three classes, accord- 
ing to the pioportion the “free” or imiganio alkali beais to the alkali 
existing as soap Thus, soaps containing less than 25 parts of free 
alkali for 100 of alkali as soap are arianged in the first class, 
those containing between 2 5 and 7'5 m the second, and those con- 
taining more than 7 5 in the third class But, in judging of the 
quality of a toilet soap, Wright also takes into account the freedom of 
the soap from adulterants, “ filling,” water, and “ closing up” agents, 
and fiom poisonous coloring matters , as also the nature and quality 
of the fatty matteis used as basis, and their freedom from rancidity. 

Although the absence of a notable proportion of “ free” alkali is 
impoitant in the case of toilet soaps, owing to its powerful action on 
the skin, it does not follow that a similar absence of alkali is advan- 
tageous under other conditions On the contraiy, foi scouring and 
household purposes, a limited proportion of free alkali is advantageous, 
and m the case of some soaps used by manufacturers the piesence of 
a very consideiable proportion of caustic alkali is essential to success, 
a solution of alkali with sufficient soap in it to cause lathering beiug 
prefened A neutral soap, however pure, will for such uses be re- 
garded as deficient in “strength,” and will often cause tiouble through 
the precipitation of free fatty acid or acid soap in the fabric with 
which the soap is used 

The nature and origin of the acids are sometimes of interest in 
judging of the suitability of a soap for ceitain purposes. The presence 
of rosin acids, and of the acids fiom coconut or palmnut oil can be 
ascertained as descnbed on page 289 et seq , and it is rarely of inter- 
est to inquue fuithei, except in the case of soap containing coal-tar 
acids, which can be examined as described on page 281. 

The legitimate character of the vanous additions to soap must be 
judged of on the merits of each case, but, as a general rule, the less 
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extraneous matters present the better It is said that, foi some pur- 
poses, as m the treatment of wool and silk, a small proportion of 
starch is an advantage In contracting to supply manufacturers of 
textile fabnes, the soapmaLer is frequently obliged to settle definitely 
the proportions of fatty acids, lesin, alkali, and potato-starch which 
shall be present in the soap A soap suitable for fulling cloth and 
for oilier purposes should not contain less than 40 pei cent of fatty 
acids, nor more than 5 per cent of losin and 6 of potato-starch 
Dextrin, sugar, starch, Irish moss, and gelatin are in most cases 
purely adulterants, as also are kaolin, barytes, and other insoluble 
earthy matters; hut soluble carbonates, silicates, and boiates have 
marked detergent properties 

GLYCEROL GLYCERIN 
Tritenyl Alcohol. 


Glyceiol is a triatonnc alcohol, and bears the same lelation to ethyl 
alcohol that orthophosphoric acid bears to mtiic acid The name 
glycerol has leference to its chemical position as an alcohol. It is a 
constant product of the ordinary fermentation of sugar, and henco is 
a natural constituent of wine, beer, and other fermented liquids It 
is produced by the saponification of the fixed oils, and the commer- 
cial article is always obtained by this means (see pages 44-47) 
The term “ glycerin ” is conveniently reserved as a designation of com- 
mercial foinisconsi-tmg of tiue glycerol with variable amounts of lm- 
puuties Pme glycerol is a coloiless, viscid liquid, without odoi, but 
having an intensely sweet taste It is optically inactive 

The specific gravity of absolute glyceiol has been determined by 
a number of observers, whose results are not in entire agreement 
The following are the specific gravities given by the authors in ques- 
tion, for the temperatures at which their observations were made, 
together with the corresponding figures for a unifoim temperature 
of 15° C The latter have, when necessary, been calculated by 
the author, taking Gerlach’s value of 0'00065 as the decrease -in the 
specific giavity of glyceiol for a rise of temperature from 15° to 16° C. 
The glyceiol employed by Lenz (ZeiU Anal Chem , 1880, 297) had 
its composition calculated fiom the results of an elementary analysis , 
Strohmer ( Monal-hrjle fui Chcmie, v. 61) employed crystals of glycerol 
from which adhenng liquid had been removed by pressure, while 
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Gerlach ( Dio Ghemiscko Industne, vii. 281) used glycerol which hud 
been heated till it boiled constantly at 290° C. 



Chevreul and Sehweikert give the specific giavity of glyceiol as 
1 267, but do not state the temperature of the determination. Sulman 
and Berry ( Analyst , xi 12) piefer the higher deteimiuntions, adopt- 
ing the value 1’2675 The numbei 1*2665 may be legarded as being, 
on the whole, a preferable value for the specific gravity of absolute 
glycerol at 15° C 

At — 40° glycerol solidifies to a gum-like mass. When kept for 
a loug time at 0° rhombic crystals are formed, their production being 
greatly facilitated by the presence of a ready-formed crystal. The 
crystals are hard and gi itty, but deliquescent. 

Glycerol boils under the ordinary pressuie at 290° C, according to 
some observers with slight decomposition A small pioporlion of water 
gieatly lowers the boiling point, a specimen containing 5 per cent of 
watei boiling at 164° C On the other hand, G T. Gerlach recom- 
mends the constant boiling point of glycerol as a convenient means of 
determining the 290° point on high-tempeiature thei mometers Under 
diminished piessure it distils without change The boiling point is 
179 5° C for a pressure of 12 5 mm , and 210° C. foi a piessuie of .50 
rmn. It is not volatile at the ordinary tempeiatuie, but evaporates to 
an appreciable extent at 100°. Contiary to the statements of Nessler 
and Baith, Heliner lias shown ( Analyst , 1887, 07) that glycerol is not 
volatilised with aqueous vapoi fiom dilute solutions When evaporated 
at the boiling tempoiature appreciable loss does not occur until tbesolu- 
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tion contains about 70 pei cent It is, highly hygroscopic, absorbing 
as much as half its weight of water when exposed to damp air It is 
miscible with watei in all piopoitions, the specific giavity of the mix- 
tiue decreasing toloiably legularly with the proportion of glycerol, 
as shown in tables given below 

Glyceiol is nentinl in leaction, and acts as an antiseptic, even when 
laigely diluted, hut by schizomycetic fei mentation ityieldsbutyhcand 
piupyknic alcohols It is miscible in all proportions with alcohol, but 
is insoluble in chloiofoini, benzene, petroleum spirit, caibou disul- 
phide, oi fixed oils, and neaily insoluble in ether, fiom which it sepa- 
lates any alcohol oi watei It is soluble in a nnxtuie of two volumes 
of absolute alcohol and one volume of ethei, — a fact which maybe 
emplojed to separate it fiom the sugais, gums, gelatin, and vanous 
salts Auothci useful solvent is a nuxtuie of equal weights of cliloro- 
foim and alcohol, in which liquid the sugais, dexti in, gums, and many 
extractives arc insoluble. 

Ghceiol possesses rcmaikablo solvent properties, dissolving many 
bodies with gieutcr facility than does water This is true of iodine, 
phenol, mercuiic iodide, and the alkaloids. Even silver chloride is 
veiy sensibly soluble m glyceiol Glycerol also dissolves the caustic 
alkalies, potassium sulphate and chloride, the coiresponding sodium 
and copper salts, the vegetable acids, and all deliquescent salts It 
lemoves feme chloride and thiocyanate, aunc chloride, and some 
otliei substances from ethei eal solution on agitation with them 

The precipitation of chromic solutions by ammonium liydioxuleand 
of cupnc solutions by fixed alkalies is wholly or paitially pi evented 
by the presence of glyceiol With the alkaline earths and lead oxide 
glyceiol yields compounds which are soluble in watei, and the solutions 
of which are not decomposed by carbonic acid 

When gently heated with solid caustic potash, glycerol is converted 
into potassium acetate and founate, with evolution of hydiogen 
When heated with a dehydiating agent (eg , concentiated sulphuric 
acid) imitating fumes of acrolein (acrylic aldehyde), C,H 3 COII, are 
evolved, smelling like burning fut. Glycerol is very readily oxidised 
to carbon dioxide and water, but when carefully tieated with uitric 
acid it is converted into a mixture of oxidation-products m which 
oxalic acid, glyceric acid (CiH„O t ), and otliei oiganic acids occur. By 
treatment in dilute aqueous solution with potassium permanganate, in 
presence of excess of caustic alkali, glycerol is oxidised m a very 
definite niannei with formation of oxalic and caibomc acids. By 
lientment with potassium diclnomate and sulphuric acid, it is com- 
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pletely oxidised to carbon dioxide and watei. These leactions are 
utilised foi the determination of glycerol (see page 314 et seq.). 

Glycerol Esters 

By treatment with a cold mixture of fuming nitric and concentiated 
sulphuric acid, glyeeiol is converted into tntenyl nitrate or “nitro- 
glyceiin,” CjH,(0 N0 2 ) 3 

On mixing glyeeiol with strong sulphuric acid, a body of thefoimuk 
C 8 H 5 (OIIj,SO t H is pioduced, which lias acid properties and founs 
soluble but unstable baiium, calcium, and lead salts 

Glyceiol-phosphouc acid, C a H 6 (0H) s P0 4 Hs, is obtained by the 
action of metaphosphonc acid or phosphoric anliydiide on glycerol 
It is of intei est as being a proximate product of the decomposition of 
the highly complex phosphorised constituents of the brain The cal- 
cium salt, CaC 3 H 3 (0II),P0 4 , is easily soluble in cold water, but sepa- 
rates, on wanning tlie solution, in snow-white glistening tablets or 
scales, which redissolve on cooling 

Glyeeiol dissolves large quantities of arsenious oxide to form a 
compound of the fonnula C 3 H 5 AsO a , tritenyl aisemte, which has been 
employed by cahco-prmteis for fixing aniline colois. It is an amber- 
yellow, fatty substance, melting at 50° to a thick liquid which is 
soluble in glycerol and m walei, but is decomposed by excess of The 
latter liquid, 

"When 3 parts of glycerol are heated to about 160° C with 2 of 
boric acid, tntenyl boiate, C 3 II 5 BO„ is formed, which has been patented 
as a preservative agent under the name of “ boioglycetide ” 

By heating glyeeiol with organic acids, esteis are formed, of a com- 
position dependent on the conditions of their foimation. These esters 
are often called glycerides and aie specifically designated by names 
ending m in, the mono-, di-, and tri acetates being called respectively 
monacetin, diucetin, and acetm Similarly, stearic acid gives rise to 
stearins, oleic acid to oleins, butyiic acid to butynns, and so forth. 
The stearins, palmitins, and oleins have already been described 


Detection of Glycerol. 

When in a state of reasonable puiity and concentration, glycerol 
may be lecognised by its physical pioperties, no other substance 
likely to be met with exhibiting the combined characters of a dense 
viscous liquid of sweet taste and neutral reaction, miscible with 
water and alcohol in all propoi turns ; volatile at a high tempeiatui e , 

VOL II— 20 
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burning with a blue flame when kindled, and leaving no carbon- 
aceous residue 

The most characteristic reaction of glyceiol is its behavior when 
heated in a concentrated state with potassium hydrogen sulphate, 
wheieby it is converted into aci olein, CJI,0, with elimination of the 
elements of water The acrolein is lecogmsable by its extremely 
pone tiat in g odoi, resembling that of binning fat, and 'its pioperty of 
causing a flow of tears If the vapois lie passed into water, the warm 
solution will be found to have the propel ly of reduciug ammomo-sil ver 
nitrate, with foiniation of a minor of metallic silver 

If two diops of concentiated glyceiol be treated in a diy test-tube 
with two diops of fused caibohc acid and the same quantity of strong 
sulphuric acid, and the mixture heated very cautiously over a flame 
to about 120° C , a brownish yellow mass will be produced, which, 
aftei cooling, dissolves in watei , to which a few drops of ammonium 
hydioxide have been added, with splendid cannine-red coloration. 

Acconling to Rcicbl minute quantities of glyceiol can also be 
detected by boiling the solution to lie examined with a minute quantity 
of pyiogallol and a few diops of sulphuuc acid diluted with an equal 
volume of watei, when a led color will be pioduced, changing to 
violet-ied on adding stannic chlonde. Carbohydrates and various 
alcohols give sinnlai reactions. 

In common with other poljhydnc alcohols glyceiol acts on borax 
to foi in a compound haviug an acid leaction to litmus, wlieieas the 
01 iginal aqueous solution of boiax has an alkaline icaction. In the 
case of glycerol, tritenyl boiate, C,H 5 BOj, is formed, together with 
sodium metabonite, NnB0 2 The icaction may be utilised both in the 
wet aud the diy way Senier and Lowe recommeud that the solution 
to be examined should be made faintly alkaline to litmus with dilute 
solution of soda, and a bead of boiax (made by fusing the salt on a 
loop of platinum wire) dipped into it The bead is allowed to rest for 
a few minutes, so as to allow solution to take place on its surface, and 
is then held in the flame of a Bunsen burnei. A more delicate plan is 
to place some powdered borax in a watch-glass, pour on it some of the 
faintly nlkahue liquid to be tested, and, by means of a looped platinum 
wire, nitiodnce some of the mixture into the flame In either case a 
deep gieen flame will be piorluced if a moderate quautity of glyceiol 
be piespnt, but the reaction becomes indistinct if the liquid contains 
less than 5 pei cent Foi detecting glycerol in beer, wine, milk, &c , 
50 m 100 c c of the liquid should be evaporated to dryness on the 
water-bath, the residue extracted with absolute alcohol, the solution 
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so obtained again evapmated, and the resultant residue moistened 
with ft few diops of watei and tested with borax as above described. 
Ammonium salts, glycol, aud erytlnol give a similar reaction to gly- 
cerol. Ammonium salts may be thoroughly removed by evapoiating 
the original liquid with sodium carbonate 

The leaction of glyceiol with borax has been very thoroughly studied 
by W. R Dunstan, who recommends the following mode of piocedure 
— To 2 e c of a dilute solution of borax in water (1 part m 200) 
sufficient of an alcoholic solution of phenolphthalem is added to color 
the liquid rose red The liquid to be tested for glycerol is rendered 
neutral or very faintly alkaline to litmus, and gradually added to the 
borax solution until the rose color is dischaiged. The liquid is then 
heated to boiling, when the red color will be restoied, to disappear 
again on cooling the solution Excess of glycerol is to be avoided, 
otherwise the alkalinity of the solution, to which the pink coloration 
is due, is only paitially lestoied by boiling Using 2 c c of the borax 
solution, about 5 c c of a 2 per cent solution of glycerol must be added 
to destroy the color, and the limit of leaction is practically leached 
with a solution of this strength. The reaction is also giveu by man- 
nitol, erythrol, dextrose, levulose, lactose, and mycose, but not by sue-’ 
rose Guaiacol, pyrogallol, and saligenol also give the reaction Orcmol 
and lesorcmol, when added m laige quantity, paitially destroy the 
red color, but it is not restored by boiling The leaction is a more 
delicate one for mannitol than for glycerol, and the influence of 
dilution is not so great Ammonium salts dischaige the red color, but 
it is not restored on heating. 

Determination of Glycerol. 

The accurate determination of glycerol, when existing in a complex 
mixture together with other neutral organic and inorganic matters, 
cannot be said to have received a satisfactoiy solution under all cir- 
cumstances The pioblem is furthei complicated by the fact that 
solutions of glycerol cannot be highly concentiated without serious 
loss from volatilisation , and that the presence of glycerol materially 
increases the solubility of many substances in aqueous and alcoholic 
solutions 

Gerlach has desenbed a method and appaiatus for deducing the 
percentage of glycerol in aqueous solution, from an observation of the 
vapor tension. 

F Strohmer proposed to estimate glycerol m admixture with water 
by obseiving the refractive index of the liquid, which can he leadily 
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and accurately effected by means of the refractometer The method 
might be useful when the volume of glycerol is not sufficient to per- 
mit a determination of its specific giavity. 

When occuning in admixture with •water only, the proportion of 
glycerol piesent can be deduced with a very fair appioach to accuracy 
from the specific giavity of the liquid Tables of specific giavities of 
mixtures of glycerol with watei have been published by several 
chemists. 

The following table, by Skalweit (Mepcitor. d unalyt Chemie,v 18), 
gives the specific giavities and refractive indices for the sodium ray, 
at 15° C , of mixtuies of glyceiol and water m various piopoitions — 



The specific gravity of glycerol is best observed by means of the 
hydrostatic balance, as the indications furnished by the hydrometer 
are liable to be two or three degrees ( 002 or 003) in excess of the 
true amount 

In pouring the glycerol, great care should be taken that no bubbles 
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of air aie formed, which in the cold may require a veiy long time to 
rise to the suifaee. The liquid should be pouicd so that it flows down 
the side of the cylindei 

Ileliner (J S Cl, 1889, 8) piefers the use of a Spiengel tube, 
which is filled, by means of an air-pump, with the glycerol, previously 
heated in a closed flask on the watei-bath to reduce the viscosity. 
The tube is then immersed in water at 15 5° Should the tempeiature 
be not exactly 15 5°, a correction of 00058 mny be made for each 
degree Heliner legauls the table of specific giavities ptepared by 
Lenz as the most accuiate The deteinunatioiis were made at 12- 
14° By use of the factoi mentioned above Richmond has lecalcu- 
lated Lenz’s table to 15 5°. 



See vol i, page 21, for Squibb’s method of detoi mining specific 
giavity. 

Lewkowitsch (G/iem Ana! of Oils, Fata and Wares, p 793) piefers 
the following method — The sample is wanned in a closed bottle by 
immersing m warm watei until all air-bubbles have collected at the 
top The glyceiol is then allowed to cool in the cooled bottle, piefeinlily 
to the normal tempeiatuie, and then caiefully filled into the oidinaiy 
specific gravity bottle piovided with a perfoiated stoppei. If this has 
been pushed home, after the last filling, the veiy small drop of glycerol 
squeezed out is wiped off with a linen cloth and the bottle taken out 
of the watei -bath The determination may be made exact to the 
foui tli decimal if the weights aie reduced to vacuum Complicated 
calculation is avoided by determining once for all the necessaiy coi- 
rections for the pycnometer when filled with watei. Suppose the 
weight p has been found in an, then the conected weight P will be. — 
P=p+pR 
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For brass weights, the conection II for the specific gravities likely 
to occur is found from the following table • — 


Specific Coi hi crion 

Ghavity (!') 


1 00 0 00106 

102 0 00101 

104 0 00101 

1 00 O-flUOOO 

1 08 0 00097 


1 10 0 00095 

1 15 0 00000 

1 20 0 01)0 10 

1 25 0 00U52 

1 10 0 0007S 


The detei ruination of the specific giavity is still available for the 
estimation of glycerol in piesence of noufi.il salt', both moignmc and 
organic, provided that piopei allowance be made for the influence on 
the specific giavity of the liquid exerted by the salts present. 


Isolation or Glycliiol 

In veiy many cases the determination of glycerol by dnect weigh- 
ing or by the ohseuation of the specific giavity of the solution is in- 
applicable, owing to the piesence of foieign niatteis the quantity or 
influence of which cannot be ascertained oi allowed foi Under such 
circumstances it is often lequisite to isolate the glycerol in a state of 
approximate puiity This can fiequently be effected qualitatively in 
a veiy satisfactoiy luannei, hut it too often happens that the evapora- 
tions which are necessary steps in the process cause such a loss of 
glyceiol by volatilisation ns to render the result of little value 
Albuminous and some otliei foreign matters may be separated from 
a solution containing glycerol by adding a solution of basic lead 
acetate, and subsequently removing the excess of lead from the fil- 
tered solution by means of hydrogen sulphide This method may be 
employed for the analysis of the pharmaceutical piep.nntions known 
as “glycerol of tannic acid” and “glycerol of gallic acid,” and is 
useful as one stage of the treatment of soap lyes for the deteinnnation 
of glyceiol 

Albuminous and some other organic matters can often be removed 
completely by precipitating the slightly alkaline solution with zinc 
chlonde The precipitate is filtered off and the filtrate rendeied 
faintly acid, when a furthci piecipitntiou will often occui. The last 
traces of zinc may be lemoved fiom the solution by potassium ferro- 
cyamde, which l-, also a very peifect precipitant of albumin 

Dilute glycerol may be fuither purified by evapoiatmg off the watei 
at as low a tempeiature as possible, and treating the residue with abso- 
lute alcohol, a mixture of alcohol and ether, oi a mixture of alcohol 
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and chloroform, according to circumstances Absolute alcohol leadily 
dissolves glycerol, while many classes of salts (e g , metallic sulphate-, 
phosphates, tartrates, &c)are insoluble. The alkali-metal cbloudcs 
are not completely separated by alcohol alone, but a mixtuie of equal 
measures of absolute alcohol and dry ethei leaves them undi^solved 
The same solvent serves to separate glycerol from sugai, but the use 
of a mixture of two measures of absolute alcohol with oue of cliloio- 
form is preferable If the filtered solution be tieated with about twice 
its measure of water, the chloroform sepaiates flora the diluted alcohol, 
andj-jften carries troublesome coloung matteis with it 

Any process of determining glycerol which involves tlieevapoiatiou 
of an aqueous 01 alcoholic solution and isolation of the glyceiol in sub- 
stance is deficient m quantitative accuiacy, as evapoiatiou of glyceiol 
in the lattei end of the concentiation is unavoidable, and the loss flora 
this cause is often very considerable Even absolute glyceiol is 
sensibly volatile at 100°, the loss of weight vaiyuig with the mode of 
heating, the shape and matenal of the containing vessels, and the 
surface exposed 

The following figuies, due to Nessler and Barth (Zeds Anal Chem , 
1884, 323), show the late of evapoiation of glyceiol under diffluent 
conditions The experiments weie made with glyceiol which had been 
heated for six hours ovei a water- bath at 100° G , aud then foi six 
houis longei in an air bath heated to 100°. In one senes of experi- 
ments the glycerol was exposed in a watei oven at 100° C. m a 
platinum dish 20 mm high and 80 mm. diameter at the top, aud 60 
at the bottom ; in the other, it was heated m a beaker of thin glass 
40 mm high and 48 mm. m diameter — 


1 grin lost, in first 2 hours, 
,, „ in second 2 hours, 

,, „ in thud 3 horns, 

Average for last 3 horns, 
0 5 grin lost in first 2 hours, 

„ „ in second 2 hours, 

,, ,, in third 3 liouis, 

Average for lost 3 hours, 


4G mgrm 

29 „ 

2L „ 

7 „ 

30 „ 

28 „ 
2 * „ 

77 „ 


The following figuies show the loss of weight when heated on an 
open water-bath kept bnskly boiling' — 

Platinum Dish Glass Bi virn 

1 grm lost, m 1 hour, 37-39-29-30 mgrm 30-18 mgrm 

0 5 ,, „ „ 34-29-21-30 „ 11-2 „ 
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Other experiments conducted in platinum and glass vessels of van* 
ous diameters showed that the loss increased with the diametei of the 
vessel (ie , with the surface of glyceiol exposed), and that the mte of 
evaporation was Ie 1 -? m a vessel composed of a mnteiial of low con- 
ducting power. 

The volatilisation of glycerol dunng the evaporation of an aqueous 
liquid may be pievented by adding an excels of lime, which forms a 
compound with it, but Clausnuei has shown (Zeds Anal Chem., 1881, 
58) that fiom the pioduct the glycerol esnnot be dissolved by absolute 
alcohol, and if hydrated alcohol be employed, caustic alkalies result- 
ing from the leaction of the lime on phosphates may pass into the 
alcoholic liquid, and ciuiy with them bodies not otherwise soluble 
Even if excess of lime be avoided, the glyceiol cannot beextiacted 
completely fiom the lcsidue by cold alcohol oi ethei -alcohol For the 
determination of the glyceiol contained in bcci and similar liquids, 
Clausnizei lecommends the following piocess, which is essentially the 
same as that foi the deteiininauon of glyceiol in wine, desenbed in 
volume l. page SO — 50 uc. of the liquid aie evapoiated at 100° iu a 
dish containing a pieviously taied glass lod As soon as the cai bon 
dioxide has escaped, about 3 gim of slaked lime should be added and 
tho whole evapoiated to a syiup, when about 10 gnu of coarsely-pow- 
deied marble should be stined in, and the staring lepeated occasion- 
ally dunng the diying, until haid lumps leraatn. The dish is then 
reweighed, the contents nibbed to powdei,and an aliquot pait (i or i) 
thoroughly extiacted in a Soxhlet-tube with 20 cc of lectified spmt. 
The alcoholic cxtiact is mixed with 25 cc of diy ether, and after 
standing foi an lioui is lilteied into a small weighed flask, and the 
filter and pieeipitate washed with ethei -alcohol (3 2). The flask is 
placed in an oblique position on a gently heated watei-bath, until the 
ethei and alcohol aie lemoved, and the residue is then dried in the 
lightly covered flask at 100°, until the loss is not mote than 002 grm. 
in two houis, which occuis in fiom 2 to 6 houis Aftei weighing the 
glyceiol, it is desnable to wash it with a little alcohol into a platinum 
dish, evapoiate, and ignite The weight of the ash obtained is deducted 
from that of the mipuie glycerol pieviously found. 

The foregoing pioeess possesses the advantage of general applica- 
bility, and may be modified as lequired for paiticuhu purposes 

To determine the glyceiol lesultuig from the saponification of a 
fixed oil, J. David ( Compl Rend., xciv 1477) takes 100 grm of the oil 
or fat, heats it moderately in a porcelain dish, and adds 65 grm of 
crystallised barium hydroxide, with blink stnnng When most of the 
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water is expelled the heating is discontinued SO e.c of veiy strong* 
alcohol is then poured on the mass, and the whole well stilled, when 1 
litre of watei is added, and the whole boiled for one hour The in- 
soluble barium soap is filteied off and washed twice with cold watei 
the filtiato faintly acidulated with sulphuiic acid, again filteied, anc 
the filtrate concentiated to about half its measuie A small quantit 
of barium caibonate is then added to remove the lasttiaces of mi’ 
plume acid, tlie liquid again filteied, and the filtrate evaporated to 5 
c c at a low tempeiature, when the contained glyceim is deduced froi 
the density o the liquid If desned, the liquid can be further co> 
centiated, and the glycerol extracted with ethei -alcohol, &c 
The objection has been raised to tins and similar methods that 
saponification of some fats by barium hydroxide is not complete 
A piocess proposed by H Raynaud foi the estimation of glycerol 
in wine might piobably be npplied to the assay of spent lyes and crude 
glycerol. The liquid is concentiated to a small bulk and then tiented 
with a large excess of alcohol and liydrofluocihcic acid. The liquid 
is filteied flora the insoluble alkali-metal silico-fluondcs, the piecipi- 
tate washed with alcohol, and the filliate tieated with a slight excess 
of barium oxide, mixed with sand, and evaporated ui vacuo The 
residue is extiacted with a mixtuie of equal volumes of alcohol and 
ether, the solution evaporated and the lesnlunl glyceiol weighed after 
being dned m a vacuum for twenty -four houis over phosphoric anhy- 
dride. Any ash left on igniting the isolated glycerol is deducted from 
the original weight The method might be matei ially shortened by 
adding silver sulphate drop by drop to the liquid filteied fiom the 
baiinm sihcofluoiide, as long as a precipitate is pioduccd By this 
means a mixed precipitate of barium sulphate and silvei chloiide 
would be obtained, and the filtiate, aftei evapoiating off the alcohol, 
would be piaetically pure dilute glycerol, the strength of which could 
be deduced fiom the specific gravity 

Determination of Glycerol by Chemical Methods 
All the foiegomg methods of determining glyceiol aim at isolation 
of the substance no an appioximately pure state, or mixed with water 
an'd saline matters only The following piocesses, on the other hand, 
are based on the chemical reactions of glycerol 

Morawski ( Jour f Pracl Chen , xxn 401) has described a method 
of determination based on the fact that, on heating glycerol with 
litharge, a solid monoplumbic glyceride is foimcd, of the composition 
C,H,Pb0 3 , one molecule of water being eliminated Muter’s process 
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(Analyst, 1881, 41) is based upon the solubility of eoppei liydi oxide 
iu potassium hydioxide and glycerol Boulez's method is bused upon 
the conversion of the glycerol into calcium glycerophosphate, and 
that of Diez upon its conversion into benzoate All these furnish 
results less accurate than the oxidation and acetm methods about to 
be described. That of Heliner, depending upon the oxidation of 
the glycerol by potassium dichromate, is pci Imps the most satisfac- 
tory on the score of geneial applicability, -accuiacy and ease m 
manipulation 

H. G. von Torring estimates the glyceiol in biaiuly lyes as follows 
The liquid is filteied and 30 c c. me evapoiated on the water-bath 
to 5 c.o 15 gun of burnt g\paum me mixed with the residue, and 
when the mass begins to set it is well powdeied and exhausted foi six 
hours with alcohol in ail extinction nppaiatus. The alcoholic solution 
is treated with 10-20 e.c of water and heated until all tlm alcohol is 
driveu off, when the lesidue is distilled The distillation apparatus 
consists of a retoit lesting m an air-lmth, and a Liebig’s condenser 
The receiving flask has a neck connected with an an -pump The dis- 
tillation is at fiist earned on at 150°-170° without ivoiking the au- 
pump, until all the water lias passed ovei into the leceivei The 
pump is then set to woik and the tempeiatuie iai*-ed to 190°-210° 
Wlieu all the glyceiol has come over, about 3 to 4 c c of watei aie 
added to the contents of the retoit, and distilled at 150°-170° under 
ordinary picssnrein ordei to wash all the glyceiol into the leceivei. 
The yellowish distillate, amounting to 10 oi 15 cc, is mixed in the 
receiver with 5 c.c of benzoyl chloiide and 35 c c of a 10 pci cent 
solution of sodium hydroxide with frequent cooling and shaking to 
consolidate the piecipilated benzoic ester, which is finally collected on 
a weighed filter, washed with watei, dried for two to tlnee houis at 
100° C. and weighed (3 85 gini =1 gim, glyceiol) 

The estimation of the glyceiol in the distillate would be piefeiably 
made by Hehner’s method (see below) The scpaiation of glyceiol 
from non-volatile matteis by distillation in vacuo appeals to he capa- 
ble of useful application 

Pei manyanate Oxidation Pi occes — The estimation of glyceiol may 
be effected by oxidation to oxalic acid by an alkaline solution of 
potassium pei manguimte, the leaction being — 


The piocess was onginally suggested by J A Wanklyn and fuither 
"worked out by W Fox and Benedikt, and Zsigmondy. It has been 
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fully investigated by J C Belcher aud the author, and is found to give 
very accurate results in the absence of alcohol and other foreigu bodies 
yielding oxalic acid on oxidation The best way of operating is to 
saponify 10 grm of the oil at 100° C with 4 grm of potassium hydi oxide 
dissolved m 25 c c of water in a securely closed bottle, which is 
agitated from time to time After ten or twelve hours, or when nil 
oily globules have disappeared, the contents of the bottle are diluted 
with hot water, when a perfectly clear solution should be obtained 
(Except in the case of sperm oil, waxes, and other bodies yielding in* 
soluble higher alcohols on sapouificatiou , it is extremely difficult to 
effect the complete saponification of such bodies by aqueous alkali, and 
methyl-alcohol must be resorted to, of such purity that it does not yield 
oxalic acid by oxidation with alkaline permanganate) The soap 
solution is then decomposed by a moderate excess of sulphuuc acid, 
the liberated fatty acids separated, and the aqueous liquid, which must 
be perfectly clear and fiee from suspended oily globules, made up to 
known measure One-half (= 5 grra of oil) is diluted m a porcelain 
basin with cold water to 400 cc, from 10 to 12 grm of potassium 
hydroxide added, and then a saturated solution of potassium perman- 
ganate till the liquid is no longer gieeu, blit blue or blackish It 
is then heated gradually and boiled for one hour, when a stiong 
solution of sodium sulphate is added till all violet or green color is 
destroyed The liquid and contained -precipitate are poured into a 
500 c c flask and hot water added to 15 c c above the mark, as an 
allowance for the volume of the precipitate and the inci eased measuie 
of the hot liquid The solution is passed through a diy filter, and 
when cool, 400 c c (=4 grm of oil) measured off, acidified with acetic 
acid, and precipitated by calcium chloride When the precipitate has 
completely deposited, it is filtered off and washed with hot water It 
consists chiefly of calcium oxalate, but is liable to contain calcium 
sulphate, silicate, and other impurities It may be ignited and the 
amount of oxalate deduced from the carbonate formed , but a prefer- 
able plan is to test it with dilute sulphuric acid, rinse it off the filter, 
and titrate the diluted liquid at about 60° C with a decinormal solu- 
tion of potassium permanganate (3 162 grm of KMn0 4 per litre), each 
c c of which corresponds to 0045 grm of anhydrous oxalic acid or 
•0046 grm of glycerol. The lesults obtained by this process are satis- 
factory Certain acids of the acrylic or oleic series, and possibly oleic 
acid itself, yield oxalic acid by alkaline oxidation ; but the higher 
members of the series (eg, oleic acid) are insoluble in water, aDd 
the lower are not known to occur in fixed oils under normal eon- 
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ditions Tlie bodies formed by the oxidation of linseed oil render 
the process wholly useless for the determination of glycerol in such 
products. 

Ilerbig has suggested the use of hydrogen dioxide in place of 
sulphite, and employs a smaller quantity of potassium permanganate. 
Mangold (/. SCI, 1891,803) reports favorably on the method, and 
recommends the following procedure — To 0 2-0 4 grm. of glycerol, dis- 
solved in 300 c c water containing 10 grm. potassium hydroxide, as 
much of a solution containing 5 pei cent, potassium peimanganate is 
added as will correspond to 1 5 times the theoretical quantity of 
glycerol (ior 1 part glycerol 6 87 parts of potassium permanganate). 
The operation is conducted in the cold and the solution must be 
agitated on addition of the permanganate After standing for about 
half an houi at ordinary temperatuie, sufficient hydrogen dioxide is 
added to completely decolorize the liquid The whole is now made 
up to 1000 c c , well shaken, and 500 c c filteied through a dry filter. 
After heating the filtiate for half un hour to destioy all hydrogen 
peroxide, and cooling to about 60° C, sulphuric acid is added and 
the liquid titrated with permanganate Heating after addition of the 
permanganate is superfluous. A number of results of analysis by the 
above method are given, which piove it to be accurate even in the 
presence of 90 per ceut of butync acid 

Heliner' a Method — Glycerol, when heated with potassium dichi ornate 
and sulphuric acid, is quantitatively oxidised to caibon dioxide Ctoss 
and Bevan and Legler make use of this fact to estimate the glycerol 
by measuiing or weighing the evolved carbon dioxide A moie con- 
venient method is that of Heliner (J S C. I, 1889, 4), which is 
based upon a determination of the dichromate reduced. The reagents 
and operation are as follows — 

1. Potassium dichromate solution, containing in each litre about 
74 86 grin, of potassium diehioraate and 150 cc of strong sulphuric 
acid. The exact oxidising value of the solution must be ascei tamed 
by titration with solutions of known quantities of iron wire oi pure 
ferrous ammonium sulphate 

2 Feirous ammonium sulphate solution containing about 240 grm 
per litre 

3. Potassium dichromate solution one-tenth the strength of No. 1. 
The ferrous solution is exactly standardised upon the strongei dichro- 
mate solution, 1 cc. of which should correspond to 0 01 grm. glycerol 

With pure glycerol, the oxidation is absolutely quantitative Crude 
glycerols must be treated as follows : — For the removal of ehlmine and 
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of aldehydic compounds some silvei oxide is added to a weighed 
quantity of the sample (about 1 5 gim ), which is placed in a 100 c c 
flask Alter slight dilution the sample is allowed to stand \vjth the 
s live i oxide for about ten minutes Basic lead acetate is then added 
in slight excess, the bulk of the fluid made up to 100 c c , and a portion 
filtered through a dry filter, 25 cc of the filtiate aic plnced in a 
beaker pieviously well cleaned with sulphuric acid and potassium 
diclnomate to lernove all tiaces of fat, from 40 to 50 cc of the 
standaid dichromate aie added, accurately measuied, and about 15 
c.c. of strong sulphunc acid, and the beaker, covered with a watch- 
glass, is heated foi two liouis m boiling water. Al'tei that time the 
excess of dichiomate is titiated back with feirous ammonium sulphate 
solution. 

As the dichromate solution is necessarily a somewhat strong one, the 
measuring must be done with the greatest care , some attention being 
paid to the temperature. [Hehnei has found that a dichiomate 
solution of the stiength indicated expands for each degieeC 05 per 
cent ] The results upon repetition agree well. The method is easy 
and lapid It is open to the objection that by piecipitation by lead 
the impunties may not be peifectly lemoved, anything left being oxi- 
dised and counted as glycerol However, all lugliei fatty acids and 
all lesin acids, as well as albuminoids, sulphides, thiocyanates, andalde- 
nydes, aie completely removed, and the lower fatty acids, such as acetic 
and butyric, are not attacked by chromic acid Heliner (J. S Cl, 
1889, 4) has made a careful comparison of the dichiomate and the 
acetm methods (see below), and finds the results to agree very closely, 
the differences in most cases being within the lange ot experimental 
error. To ensure the greatest amount of accuracy, he advises the use 
of both methods upon the sample to be analysed, the mean of the two 
results being taken. In the case of very dilute liquois, such as un- 
concentiated soap-lyes, previous concentiation of the sample to about 
60 per cent of the glycerol is necessary with the acetin method, which 
fails when the proportion of glycerol falls as low as 30 per cent. In 
such cases the diehromate method is preferred 

The estimation of glycerol in fats and soaps is earned out as follows . 
Saponify about 3 grm. of the fat with alcoholic potassium hydroxide ; 
do not drive off the alcohol, but dilute the soap solution to about 200 
c c ; decompose with dilute sulphuric acid ; filter off insoluble acids, 
which may be estimated as usual. Vigorously boil the filtrate and 
washings, amounting altogether to about 500 c c , in a covered beaker 
down to one-half, then add sulphuric acid and standard dichromate as 
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described. The following are some results obtained by Hehner and 
Mitchell in this way — 


Olive oil, . . ... 10 26 

Cod-liver oil 9 87 

Linseed oil, ... 10 24 

Mai game, . . 10 01 

Butter, 12 4 

„ 11 96 


The acetin method of Benedikt and Cantor (J S Cl, 1888, 696) 
depends upon the fomiation of iicetin (tutenyl acetate) when glyceiol 
is heated with acetic auhydiule Lewkowitsch (Chem Zeit.,x\n 659) 
has shown that the method gives closely cnneoulant results in the case 
of moderately pure " crude glyccnns,” and leconmiends its adoption in 
all cases in which the glyceiol is lh&t isolated in a fauly pure state as 
in its determination in fats and oils The fat is saponified, the lesultant 
soap is decomposed with sulphuue acid, and the fatty acids separated by 
filtration Excess of banum carbonate is added to the filtrate, which 
is then evapoiated on the watei-bath until most of the watei has been 
diiven off The lesidue is exhausted with a raixtuie of ether and 
alcohol, winch ib then diiven off by a gentle heat 
Foi the detei initiation, 1 to 1 5 gi in. of this ciude glycerol is heated 
for 1 to 11 liouis in an inveited condensei with 7 or 8 gun 
of acetic anhydude and about3gim of anhydtous sodium acetate 
(previously dned in an oven) It is allowed to cool, 60 c c of water 
are added, and the heating is continued (still with the condenser, as 
acetin is volatile in a cunent of steam) until it begins to boil. When 
the oily deposit at the bottom of the flask is dissolved, the liquid is fil- 
teied from a w hite flocculent piecipitate, winch contains most of the 
lnipunties of the crude glyceiol, allowed to cool, phenolphthalein 
added, and dilute sodium hydroxide (about 20 grm. pei litre) run in 
until neutrality is obtained Ctue must be taken not to exceed that 
point, as acetin is easily saponified 
During the opeiation the solution must be agitated continually, so 
that the acid may not be in excess locally any longei than is unavoid- 
able. The point of neutiality is reached when the solution becomes 
reddish-yellow. It must not be allowed to become pink. The deter- 
mination is quite inaccuiate if the solution is overneutralised even 
for the skoi test time. 25 c c of strong sodium hydroxide (about 10 per 
cent, strength) are now added fiom a pipette The mixture is then 
heated for fifteen minutes and the excess of alkali titrated back with 
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normal or half-normal hydrochloric acid The strength of the alkali 
used is determined at the same time by titrating another 25 c c meas- 
ure with the same pipette The difference between the two titrations 
gives the amount of alkali consumed in saponifying the acetin, and. 
from this the quantity of glycerol is calculated 

Commercial “ Glycerin.” 

In practice, glycerol is always obtained by the saponification of fats ; 
all sources yield the same variety of glycerol, and not isoineis or 
lioraologues of the oidinary body. On the large scale, especially when 
the saponification is effected by the autoclave process, the proportion 
of glycerol obtained is very notably leas than tlie theoietical yield, the 
loss being due in part to incomplete saponification, laigely to loss by 
volatilisation, which is wholly disregarded, and veiy probably in part 
to decomposition of the glycerol into fonnic acid and other products. 

For the saponification of fats with a view of obtaining glyceiol, a 
variety of agents has been employed Formerly olive oil was boiled 
with water and lead oxide, but at a later date tins was replaced by 
lime Superheated steam has been employed to effect the saponifica- 
tion, as also has strong sulphuric acid Glycerol obtained from the 
waste waters of the acid-saponification process is known as “ distilla- 
tion glycerin ” It contains mineral matter to the extent of 3 pei cent, 
or more, and oiganic impurity may be present to an equal extent. 
Tested with basic lead acetate such glycerins give a copious precipi- 
tate Hydrochloric acid also causes turbidity due to the separation 
of fatty acids. 

At present the bulk of the glycerol of commerce is either a secondary 
product of the Boap-works, and hence is produced by saponification 
with caustic soda, or results from the saponification of fats under high 
pressure with water and a limited proportion of a base This last 
must be considered the principal method of obtaining glyceiol on a 
manufacturing scale, and is ordinarily carried out as follows — The fat, 
which is commonly a mixture of palm oil and tallow, is heated foi from 
2 to 4 hours in an autoclave with 2 or 3 per cent of lime and about 
one-third of its measure of water, under a pressure of 8 atmospheres, 
some steam being allowed to escape so as to keep the mixture in agita- 
tion. The product is then blown out into a tank, and tlie “sweet 
water” or dilute glycerol drawn off. The lime soap is decomposed 
with dilute sulphuric acid, and the resultant fatty acids further treated 
by pressure or distillation. The “ sweet water” is then concentrated 
to a specific gravity of 1'24, when it forms a liquid of brownish color 
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known as “raw glycerin’ 1 01 “saponification glyceuu," and contains 
about 90 per cent glyceiol It gives but a slight precipitate when 
tested with basic lead acetate, and m samples of good quality hydio- 
chloric acid causes no tuibidity Itisfuithci punfied by filiation 
through animal chaicoal, followed hy distillation with superheated 
steam at a tempeinture not exceeding 230° C The lime ordinarily 
employed foi the saponification lias been successfully leplaced by 
about J- per cent of zinc oxide oi zinc grey, the l educing action of the 
latter body being said to prevent the discoloiation of tlie'pioduct 
The recoveiy of glyceiol from spent soap-makeis’ lyes has acquired 
much impoitniice, and a number of patents have been obtained to 
effect this object. The spent lye usually contains watei ; glycerol , 
sodium chloiide, sulphate, and caibonntc ; a small quantity of sodium 
hydioxide; and vaimble amounts of lesinous, fatty, and albuminous 
mntteis Some samples coutain a consideiable quantity of thiosul- 
phates (hyposulphites) besides sulphides, thiocyanates, cyanides, and 
fenocyamdes. The glycenn obtained on conceiitialiug such lyes is 
often quite unfit for distillation C T Kuigzett gives the following 
us the arciage composition of the lyo aftei concentration to a specific 
gi avity of 1 36 — 

Watei, 

Uljiciol 
Salts, 

12 35 

The salts deposited fiom the lye during concentration contain 78 per 
cent, of sodium chloride, with smaller proportions of sodium sulphate 
and caiboiute, glyceiol, water, &c. 

The glycerin obtained from soap-lyes has usually a specific gravity 
of about 1*3, and yields about 10 per cent, of ash, which in samples 
of good quality consists largely of salt The amount of organic im- 
purity varies greatly. In addition to the salt already mentioned, the 
lower giadcs may contain notable proportions of sodium hydroxide, 
eaibonate, sulphate, thiosulphate, and thiocyanate 
Samples of good quality should contain fiora 80-82 per cent of glyc- 
erol, and should not become tuibid on addition of hydrochloric acid. 

Aftei concentration the ciude glycerol still contains a considerable 
pioportion of salts, besides othei impurities To remove these it is 
subjected to distillation with the aid of superheated steam, but the 
product ofteu requires a repetition of the process to effectually remove 
the sodium chloride and other foreign matters. 


7 S3 lbs iier gallon 
3 04 „ „ 

2 78 „ „ 
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Distilled glycerol often possesses n disagreeable uci id taste, ami 
hence it is sometimes fuither purified by freezing, which may bo 
efl'ected by cooling the concentrated liquid to 0° C and adding a cijs- 
tal of solid glycerol This induces solidification, and the resultant 
ciystals ate separated from the still liquid poition by a ceutufugal 
machine 

By far the Taigest application of glyceiol is for the manufacture of 
nitroglycerin (page 333), but it is also employed extensively in the 
mauufaetuie of toilet soaps, filling gas-meters m situations liable to 
be exposed to great cold, and in phaimacy and medicine 

Analysis and Assay of Commercial Glycerol. 

Commeicial glyceiol is liable to contain a variety of impurities due 
to its method of manufacture, — the mticle made from waste lyes being 
especially impute Lead and other heavy metals, calcium com- 
pounds, sodium chloride, sulphate, thiosulphate, and sulphide, cyan- 
ogen compounds, organic acids, rosm pioducts, and otbei organic 
bodies of an indefinite natuie, are the impurities most fiequently 
present In addition, glycerol has been sometimes intentionally adul- 
terated. Solutions of cane sugar, glucose, and dextnn have been occa- 
sionally used for this purpose, and a saturated solution of magnesium 
sulphate mixed with glucose has also been employed 

The following systematic method may be employed for examining 
commercial glycerol for impuiities and adulteiants, but except in raie 
instances it is unnecessary to make the examination so exhaustive, 
os a knowledge of the history of the sample or of the purpose feu 
which it is intended suffices to limit the numbei of impurities for 
which a search requires to be made Thus, the impurities present 
,n the law material are much greater in number and amount than 
those pieseut in the distilled pioduct, and, of the foimer, that horn 
soap-lyes is much more impuie than the product resulting from the 
autoclave piocess. The distilled product, again, vane3 much in charac- 
ter according to its ongin, and lequires examination for paiticular 
impuuties accoidmg to its intended application in pharmacy, pet- 
fumeiy, the manufacture of mtroglyceun, &c. 

a. The color of the commercial article affords no accurate criterion as 
to whether it is raw or has been once distilled, for, although the raw 
product is usually very highly colored, pale samples are often met 
with, especially those pioduced by the lime process of saponification , 
while, on the othei hand, once-distilled samples from soap-lyes are not 
uncommonly very dark. In general, however, raw glycerin vai les in 
VOL n —21 
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color fiom light brown to nearly black, and distilled from brown to 
colorless. 

b, The specific giavity of commercial glycerol may be observed by 
means of the Westph.il balance, and m some specifications this 
method of determination is insisted on, the indications of the hydrom- 
etei being sometimes two or thiee degrees in excess of the truth. In 
the absence of foreign mntteis, or even in the piesence of certain foi- 
eign matters, tho nature and amount of which are known or can be 
ascertained and duly allowed for, the specific gravity determination 
affords a very satisfactoiy means of detei raining the percentage of 
glycerol present in commercial samples (see pages 288, 289) Thus, a 
coirection may be made for the mineral matter present by gently 
igniting a known measure of the sample without burning off the 
whole of the carbon, treating the residue with a little acetic acid to 
dissolve any caihmiates which may have been formed fiom the salts 
of organic acids, evaporating to diyness at 100°, dissolving the residue 
in water, and ranking up the solution to a volume equal to that used 
for the experiment The specific gravity of this solution is deducted 
from that of the oiiginal sample before deducing the percentage of 
glyceiol fiom the latter. Thus, if the oiiginal sample has been found 
to have a specific gravity of 1 220, while the specific gravity of the 
solution of the ash is T035, then the difference between the two 
(= 0185) is the increase due to the glycerol present, and this 
figure divided* by 2 665 will give the percentage of glyceiol in the 
sample Organic matters will by this method be reckoned as glycerol, 
but if separately determined by means of basic lead acetate (page 
325) a correction may be made fox them. 

The specific gravity of the twice distilled product of a high degree 
of purity sometimes leaches the extreme figure of 1*267, but ordinarily 
is tarely above 1 261 The specific gravity of commercial glyceiol 
does not necessarily indicate whether the sample 13 raw or distilled, 
although the former is usually of higher specific gravity, owing to the 
presence of saline and foreign organic matters. The raw glycerin 
from soap-lyes may be boiled down to a specific gravity of 1 320, or 
evenl 360, but the specific gravity of the product from the autoclave 
process, or fiom lime or sulphuric acid saponification, is always less 
than tins 

c. The proportion of mineral matter affords a good indication of the 
nature of the sample 5 grm. or 5 c.c. of the sample should be 
heated in a porcelain crucible till it inflames, when the source of 
heat is removed and the glycerol allowed to burn away spontaneously 
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The distilled product burns quietly, but with raw glycerin more or 
less sputteiing is observed. A distilled product of good quality will 
leave a mere tiace of carbonaceous residue on ignition, any considem- 
ble black residue indicating the presence of serious oujunic impuufy 
On igniting the residue at the lowed possible tempci aline, the min end 
impurities remain and may be weighed 

Treated in this mannei, a distilled glycerol never yields more than 
0 2 pei cent of ash, and rarely as much as 0 1 per cent , while even 
the best samples of the raw material show a considerably larger pro- 
poition In that obtained from soap-lyes the ash usually ranges from 
7 to 14 per cent, a considerable proportion consisting ot sodium 
chlonde, and moie or less sulphate, carbonate, silicate, &e , being also 
piesent; but if Fleming’s dialysis process lias been employed, the min- 
eral matter usually avei ages from 6 to 7 pei cent In the ciude piod- 
uct from the autoclave piocess or from lime saponification the per- 
centage of uiiueial matteis, though vanable, is much lower than in 
glycerin flora soap-lyes, the specific gravity beiug also cotiespond- 
mgly low The presence of traces of lime, magnesia, or zinc oxide in 
the ash will indicate the natuie of the base used for saponifying. 

d. Although sufficiently accurate for commercial purposes, the igni- 
tion of the lesrdue left on combustion does not always give the tiuo 
amount of mineral matter present in the sample, owing to unavoidable 
volatilisation of sodium chlonde if the lguition be continued until the 
carbon is completely consumed Lewkowitsch pieieis to cautiously 
char 3-5 gim at a tenipctaiuie just sufficient to destioy the oigauic 
matter After cooling, tko char is exhausted with watei and trans- 
ferred to a filter, the filti ate evaporated m a platinum dish on the 
water-bath, and the lesidue, which must be white, heated (not above 
400° C.) and weighed The carbon on the filter may, as a rule, be 
disregaided, unless the sample contains laige piopoitious of lime 
A method which gives veiy good compai alive lesults is to treat the 
chaired mass with a few diops of stiong nitric and sulphuric acids, 
and ignite, when the chloudes will he converted into the less readily 
fusible and volatile sulphates If desned, the weight thus obtained 
can be corrected by multiplying the weight of chlonne found in an 
equal quantity of the sample by 1 352, and deducting the product 
from the weight of the “ sulphatcd ash ” Richmond tieata the chai red 
mass with a few drops of sulphuric acid and heats the residue ovei a 
good Bunsen flame until white. The sulphated ash multiplied by 8 
agrees fairly well with the ash found without sulpbating 

e. The weight of the ash having been ascei tamed, it may be further 
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examined for lead, iron, zinc, magnesium, calcium, caibonates, chlo- 
rides, sulphates, &e. If the ash has been “sulphatcd,” no caibonates 
or chloiides will be picscnt, while the existence of sulphates is, of 
course, certain. The ash may be conveniently examined by treating 
it wiLh dilute sulphunc acid, when the copper, von, zinc, magnesium, 
aud moie or less calcium will be dissolved as sulphates, and can be 
detected m the solution by the usual methods The lesidue will con- 
tain lead sulphate, together possibly with calcium- sulphate. On 
ticatiug it with a hot solution of amuiouium acetate, the lead sulphate 
will be dissolved, and the resultant solution will give a yellow piecipi- 
tale with potassium chiomatc and a black piecipiUte with hydrogen 
sulphide 

/ Calcium is a fierpient linpuiity occuiiing most commonly as 
calcium oleatc It is most leadily determined by precipitating the 
diluted sample with ammonium oxalate Pieeipitation in an alcoholic 
solution with sulplnuic acid lias been leeom mended by Cap, but pre- 
sents no advantages ovei the oxalate method 

g Alluluuty 111 commeicial glyceiol is due almost entnely to -odium 
caibonato, and is leadily deteimined by tiliating the diluted sample 
with standuid acid. Sulman and Beny lecoinmend the use of litmus 
as an uidicatoi, neithei phenol phthalem noi methyl-oiange giving 
shaip eud-ieactioiis Guide glyceiol liom soap-lyes is puiposely alka- 
line owing to the lisle of concen tinting it in picsence of acid The 
alkalinity usually vanes from 0 5 to 2 0 pei cent , depending to some 
extent on the nnumei m which the lyes have been Heated In a case 
cited by Fleming, m which the glycenn had been separated fiom the 
lye by alkali in-tcad of salt, the lesultmg glyeeuu contained 31 per 
cent of sodium caibonate. 

h. Chlondes cannot be determined by dnect titiation or precipita- 
tion with silver, owing to the solubility of silvei chloride in glycerol 
and the leduction of the nitrate by vauous impurities The deter- 
mination is best made by allowing a weighed puition to bum away as 
already described, exhausting the caibonaceous icsidue with water, 
and titiating the filtered solution with decmoimal silver nitrate, using 
neutial potassium elnomate as an indicator Crude soap-lye glycenns 
usually contain fiom 5 to 10 per cent of salt. 

i. Sulphates may be determined by piecipitating the diluted sample 
with bairn m chloiule They are usually pi esent in the product from 
soap-lyes, and sometimes in veiy huge amount Glycerins obtained, 
by saponifying fat with sulphuric acid aie always charged with sul- 
phates, and often contain sulphites, while appreciable quantities of 
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thiosulphates and sulphides are occasionally piesent, the last three 
being objectionable The nnlky pieeipitate produced on acidifying 
the taw pioduct fiom soap lyes sometimes contains a considei able pio- 
poitum of fiee ^uljihui , the piopoition amounting in some cases to 40 
or even 60 pei cent, of the whole precipitate Such samples will yield 
objectionable volatile sulphur compounds on distillation. 

C Ferrier (J. S. C. 1 , 1893, 471) pioposes the following method for 
detecting sulphui compounds — The sample is diluted with ten times its 
volume of water and neutralised with liydiochloric acid This mix- 
tuie is tieated at from 60° to 70° C with about three per cent of the 
caibon lesidue from the manufacture of potassium ferroeyanide (winch 
has been pieviously washed with dilute nitric acid and water and 
heated to redness in a closed crucible) One drop of the solution 
after treatment with the purified caibon lesidue is placed on a stnp of 
paper saturated with lead nitrate If no yellow stain appeals, the 
sample contains less than 0001 part of sulphides To detect a still 
smallei quantity, the sample is heated in a small flask with a few diops 
of hydrochlouc acid and a little sodium carbonate held over the mouth 
of the flask 

To detect thiosulphates and sulphites a few c.c of barium chloride 
solution are added to the solution of the sample, and the liquid filtered 
Barium sulphite is precipitated and the thiosulphates may bo found m 
the filtmte, which, od addition of potassium permanganate to the 
acidified solution, will become cloudy, even m the presence of only 
0001 part of thiosulphate 

The presence of sulphite in the pieeipitate is pioved by washing it 
repeatedly with boiling water, then adding to the remaining piecipi- 
tate a few di ops of staich and iodine solution ; in presence of sulphites 
the blue coloration will gradually disappear. See also Ricbaulson 
and Ayktoyd (ISO 7,1896,171) for the quantitative estimation 
of these compounds 

k Oiganie Impui ities of vanous kinds oecui in crude glycerol, and 
are mostly of a very objectionable character. Their sura (including 
albuminous and coloung matters, resin products, and highei fatty 
acids) may be determined with a fair appioach to accuiacy by Sulman 
and Berry’s modification of a method devised by Champion and Pellet 
Fifty gim of the sample are diluted with twice its measure of water, 
caiefully neutralised with acetic acid, and warmed to expel carbonic 
acid When cold, a solution of basic lead acetate is added in slight 
but distinct excess, and the nnxtuie well agitated The formation of 
an abundaut pieeipitate, which rapidly subsides, is an indication of 
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considerable irapunty in the sample To ascertain its amount the 
precipitate is first washed by decantation and then collected on a 
taied, or preferably a double countei poised, filter, wheie it is further 
washed, dned at 100° to 105° C., and weighed. The piecipitate and 
filter paper are then ignited sepaiately in poicelain, at a very low led 
heat, the lesulues moistened with a few drops of nitnc acid and 
re-ignited The weight of the lesidual lead oxide (and sulphate) 
deducted from that of the original precipitate gives the weight of 
or< 7 «mc matter precipitable by lead The pioportiou obtained from 
raw glycerins is extremely variable, but the amount present in the 
distilled pioduct should not exceed 0 5 to 1 0 per cent. 

Lewkowitscli determines the total solid lesidue, including pohjghjc- 
ceoh , by allowing a weighed quantity of the sample to evaporate 
gently at 160° C Care should be taken not to heat too rapidly, other- 
wise even pure glyceiol may become polyraeuscd A few drops of 
water added fiom time to time will assist m the volatilisation of the 
glycerol. The weight of the residue is taken and that of the ash, 
subsequently found, is deducted The difference (the “organic lesi- 
due”) gives a fan indication as to the caie with which the article has 
been manufactuied. Lewkowitscli found from - 024 to ’05 per cent, in 
seven samples of “chemically puie" glycerin of good quality In 
foui samples, uufit for pharmaceutical puiposes, 07 to 09 per cent, 
was found. 

Precipitation with basic acetate of lead is a valuable preparation 
for subsequent analytical examination, and is almost essential before 
some of the methods of determining glyceiol and sugar aie applied 
When the precipitation is effected with this object, it is convenient to 
make up the liquid to a definite bulk and pass it through a dry filter, 
or allow the precipitate to settle m a Sluter’s tube (fig. 10, page 247), 
subsequently operating on a known propoition of the total solution. 
This plan obviates the necessity of washing the precipitate and the 
objectionable dilution of the liquid caused thereby. 

In some cases it is of interest to distinguish between the various 
organic matters precipitable by lead, as they are not all equally 
objectionable Tins object may to some extent be effected as 
follows — 

1 Albuminous mafias, derived fiom the envelopes of the fat-globules, 
are nearly always piesent to a greater oi less extent, the produot fiom 
soap-lyes containing the largest proportion, owing to the solvent action 
of the alkali on the piotekl matters of the fats saponified. They are 
objectionable ou account of the mechanical difficulties they occasion 



during the subsequent distillation, and the contamination of the dis- 
tillate with empyieumatic and colored products. An approximate 
determination of the albuminous matters may be made by precipitat- 
ing with basic lead acetate, as already described, and determining' 
the nitrogen by thd Kjeldahl method. The nitrogen, multiplied by 
6'25, gives the amount of albuminous matter in the orecipitate. 

7)i Rosin is a very frequent and objectionable impurity in the 
product from soap-lyes, but is absent from that flow candle-works. 
A portion of tbe rosin is precipitated on acidulating', bat the use of 
basic lead acetate is better. When rosin is piesent, the distillate often 
lias a stiongly-marked fiuoiescence from the pieseucc of ’•osiu oil. 
This impuiity may be further detected and removed by agitating the 
sample with ether or petroleum spirit, which, after ooparation and 
evaporation, leaves the rosin oil m a form recognisable by its physical 
characters, taste, and odor on heating 

n. Higher fatty acids, chiefly oleic acid, are not unfreqrently piesent 
in glyceiol from soap-lyes, even after distillation, and a,c veiy obiec- 
tionablein a pioduct intended for making nitroglycerin. If the a mount 
of fatty acids be considerable, mere dilution with water causes their pre- 
cipitation, but smallei quantities may be detected by diluting tbe glyc- 
erol and passing nitrogen dioxide (N0 2 ) through the sample, when a 
flocculent precipitate of elaidic acid (less soluble than theongiual oleic 
acid) will be produced. Nitrogen dioxide is best obtained by heating 
dry lead nitiate in a tube or small letort. 

Fatty acids may be detected by diluting the glycerol with several 
times its bulk of water and acidifying with hydrochloric acid. In the 
presence of fatty acids the liquid becomes turbid. 

By agitating glycerol with chloioform, fatty acids, rosin oil, and 
some other impuiities are dissolved, while ceitain otheis form a tuibid 
layer between the chloroform and the supernatant liquid. On sepa- 
rating the chloioform and evaporating it to dryness, a residue is 
obtained which may befuither examined. 

o Lower fatty acids, especially butyric and formic acids, may be not 
unfrequcntly piesent. The piesence of free oxalic, foirntc, 01 butyric 
acid in distilled glycerol will be indicated by the acid reaction of the 
sample, and an estimate of the amount present can be obtained by 
titiating the diluted sample with standard alkali and litmus or phenol- 
phthalein. Butyi ic acid is sometimes present to the extent of 0 5 per 
cent, of the fats saponified. Samples containing it develop an odor of 
sweat when mixed with a lew drops of dilute sulphuric acid and rubbed 
between the hands. Formic add, traces of which are often present 
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eveu in distilled glycerol, is best detected by adding nnimomo silver 
mtiate to the diluted sample On leaving the mixture at the ordinary 
tempemture for half an hour, a black precipitate will be pioduced if 
foi mic acid be present Aftei a longer interval, all samples of com- 
mercial glycerol cause a reduction of ammonio silver nitrate, at least, 
if the liquid be exposed to light , and at temperatures above 50° C 
the change occurs with greater facility 

The piesence o ffomuc and buty) ic acids may be confii med by gently 
heating the sample with alcohol and strong sulphuuc acid, when esters 
of agieeable and chaiactenstic odor will be formed Ethyl formate 
has an odor of peaches, and ethyl butyrate that of pine-apple 
p. With a neutral solution of silvei nitrate, pure diluted glycerol 
gives no precipitate In presence of foimic acid, butyric acid, or acio- 
lein, a white precipitate is foimcd, which blackens on standing or boil- 
ing. Fiench perfumers and nmnufactuicis of cosmetics i eject samples 
which show any change of coloi 01 tuibidity within twenty-foui hours 
after the addition of silvei mtiato. Sulrnan and Beny find that 
neaily all corameicial samples in bulk speedily effect reduction of the 
silver, with consequent blackening of the precipitate previously formed. 
Nitiic acid lias been found in distilled glycerol Its presence, which 
cannot have been due to accident, masks the reaction with silver 
nitiate, and prevents the detection of impurities which are very objec- 
tionable in matenal intended for nitratiug 
q Distilled glyceiol of good quality does not acquire a yellow or 
biown color when very gradually mixed with an equal measure of 
cold concentrated sulphuric acid Sugar and ceitain other impurities 
cause a marked darkening, or even charting, and in piesence of any 
consideiable quantity of formic or oxalic acid the mixture effervesces 
when warmed Oiahc acid may be lecogmsed raoie ceitainly by the 
formation of a white turbidity on adding calcium acetate to the diluted 
sample It is not unfrequently piesent in mw, but never in distilled 
samples. 

r Pure dilute glyceiol does not sensibly reduce Febling’s copper 
solution when heated with the reagent to 100° C. for a few minutes, 
but prolonged boiling causes precipitation of the red cuprous oxide 
Glucose, if present, will reduce the cupric solution even before the boil- 
ing point is reached. Arsenious acid will reduce Fehling’s solution 
Aisenio occurs in glycerin recovered from soap-lyes which have been 
neutralised by crude hydrochloric acid. Cane sugar can be recog- 
nised by the same test, if the sample be previously heated to 70° or 
80° C for ten minutes m five times its measure of water and half its 
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measure of strong hydrochloric acid, and the inverted solutiou lie neu- 
tralised with soda befoie adding the cupnc solution. Tho test can be 
made quantitative if proper precautions be taken (see vol. 1. page 282 ct 
seq ), Cane-sugai will be further indicated by the charring produced 
on mixing the sample with strong sulphuiic acid, and warming, and 
glucose by the biown coloration produced on boiling the sample w ith 
a solution of caustic soda Glucose may further be recognised by the 
reduction which ensues on heating the diluted glycenn to 70° C with 
potassium fenicyamde and caustic potash On acidulating the solu- 
tion and adding ferric chloride, prussian blue will be foimed if glucose 
were originally piesent. 

s Cane-sugai', glucose, and de%lrin (but not milk sugar or arabm) 
may also be recognised by a test due to Mason. A mixtuie of 0 5 c c 
of the sample, 15 c c of watei, 2 drops of strong mtiic acid (not more), 
and 0 5 gun of ammonium molybdate is boiled for two or three 
minutes, or longer if the quantity be small, when a bluccoloiation will 
be produced if 0 25 per cent or more of either of the above impurities 
be piesent. Dextrin and gum would also be precipitated on diluting 
the sample with a laige proportion of alcohol. They may be distin- 
guished as described in vol. l page 426 

Sugar and other carbohydrates may also be detected and determined 
by observing the optical activity of the sample (see vol. i ). They can 
occur only as adulteiants Lajoux ( J. S 01, i. 458) states that a 
saturated solution of magnesium sulphate mixed with glucose lias been 
used m France as an adulterant for glycerol 

i The analysis of imxtuies of sugar and glycerol has been already 
described (pages 288 and 289) If the actual separation of the two 
bodies for giavimetue determination or subsequent examination be 
desired, the best plan is to separate othei organic bodies as far as pos- 
sible by piecipitatmg the cold solution with basic lead acetate used 
in slight excess (page 325), concentiate the filtiate at a low tempeia- 
ture, and extract the lesidue with a mixtuie of two measures of absolute 
alcohol and one of ether, or of two of alcohol and one of chloroform. 
These solvents leave the sugar undissolvcd, wlnle the glycerol con- 
tained in the solution can be recovered more or less completely by 
evaporating the solution at a low temperature If the solution be 
diluted with about twice its measure of water and faintly acidified 
before evapoi ating, the layer of ether or chloroform which separates 
often carries with it much of the coloung matter and resinous impuri- 
ties which may be present, thus leaving the glycerol in a compara- 
tively pure form. 
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it. The direct determination of ghjuiol in commercial samples can 
be effected imperfectly as above indicated, and more accurately as de- 
scribed on page 316 etvq, in most cases, piefeiably by Hehnei’s 
diclwoniate method 

Distilled glycerol can be distinguished from raw glycerin by the 
absence of any cotisideiable proportion ol fixed impunty (test c); and 
by its negative or faint leaetions with basic lead acetate (test l) and 
calcium acetate (test q) 

All so-called ciude glycerin imported into the United States is 
examined by the government chemists to ascertain whether it is 
really ciude or lias been partially or wholly lefined, as in the latter 
case a higher late of duty is chaiged Glyceun that lias been freed 
fiom lmpunties by allowing them to subside and then straining and 
filteiing, is still classed ns “ciude,” but if proved to have been sub- 
jected to fuither purification it is classed as “ lehned.” Foi practical 
purposes of classification distillation is regarded as the dividing line 
between crude and lefined glycerin Foi this puipoae J. H. Wain- 
wrigbt {J. A C 8, 1889, 125) attaches great impoitance to the fol- 
lowing tests — 

The Onbonaceous Residue is obtained by heating 10 grm of the 
sample in a platinum crucible till it ignites, when the source of heat 
is removed and the sample is allowed to burn away spontaneously. 
In distilled glycerin this will not amount to 1 per cent Ciude 
glycerin may yield as much as 10 per cent The percentage of ash 
appeals to lie a less reliable criterion 
Silver Nitrate Ted — Five cc of the sample are diluted with 20 
c c. of distilled water, mixed with 5 c c of a 2 per cent solution of 
silver mtiate, and allowed to stand for one hour. Only a slight pie- 
cipitate will be foimed with distilled glycerin at the end of this time; 
wlieieas with ciude glycerin the precipitate is large, usually comes 
down at once, and is almost always flocculent 
Lead Test — The solution is prepared by boiling 10 grm of lead 
acetate and 8 gim. of lead oxide with 500 co of water, and filtering. 
Two volumes of this solution are mixed with one volume of glycerol 
and one of distilled water, and allowed to stand foi an hour Refined 
glyceun may produce a slight precipitate, but. this is never flocculent 
Crude samples produce a moie or less abundant flocculent precipitate. 

IFamright does not considei it safe to iely upon either of the two 
last- mentioned tests alone, but if a sample will not stand both of 
them, it is thought perfectly safe to call it crude 
Glycerol intended for the manufacture of nitroglycerin must be free 
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flora certain impurities, or dangeious lesults may ensue It must be 
hstilled ami must fiuther possess the following characters before it 
can be accepted as sufficiently puie — 

1 Entire freedom fiom chlorides, non, lead, and calcium (tests e, 

f, V 

2 Entire freedom from higher fatty acids (test «), and but feeble 
leaction with test A. 

3 Entne freedom from sugar and other carbohydiates (tests i, «) 

4 A specific gravity of not less than 1 260 at 15 5° C 

Accouling to Lewkowitscli ( Chem Zeit , 1893, xix , page 1423) the 

glycenn used foi the manufacture of mtioglycerm appioaches m 
character chemically pure glycerol, having, however, a yellowish 
color, and containing a trace of ash and a small proportion of foreign 
oi game bodies Lead acetate must pioduco no precipitate The 
specific gravity must be not below 1 261 at 15 5° A low specific 
giavity associated with apparent high peicentage of glycciol suggests 
the presence of tnmethylene glycol, which has been found in some 
samples by Noyes and Watkins (J A 0 S , 1895, 890) Its pieseuce 
in glycenn used for making nitroglycerin might be dangerous, since it 
reacts with nitric acid with explosive violence Aluminum, calcium, 
and magnesium must be absent, and only traces of chlorine and arsenic 
are allowable The quantitative estimation of the former is unneces- 
sary, and for the latter a sample of the glycerin is made faintly alkaline 
with ammonium hydroxide, and silver nitrate added No yellowish 
precipitate should be produced Marsh’s test for arsenic, and also Gut- 
zeit’s, even with mercuric chloiide, are too delicate for the purpose. 
One e c of the sample, diluted with 2 c c of water, must remain almost 
unclouded. To test for other organic substances, a few drops of a 10 
per cent silver nitrate solution are added to this solution In ten 
minutes no browning or blackening must appear The total lesidue may 
be determined as on page 326 It should not bo more than 0T5 per 
cent The basin is then ignited, the ash weighed, and the organic 
impurity calculated by diffeience The sample must not redden 
litmus-paper. Volatile fatty acids, such as butyric, may be detected 
by the odd on heating with alcohol and strong sulphuric acid, and 
oleic acid by the flocks obtained on passing a cunent of nitrous anhy- 
dride through the sample 

It may often happen that a sample which will answer the above 
requirements is yet unsuitable for the manufacture of dynamite, it 
must, therefore, be nitrated in the following way, which imitates the 
conditions obtaining on the large scale A mixture of one part by 
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weight of turning nitric acid (sp gr 1’6) and two parts of pure sul- 
phuric acid (1 845) la pieparcd, and allowed to cool in a stoppered 
vessel 375 grra of the mixed acid aie put into a thm-wallecl beaker 
of about 500 c.c capacity, and stood in a large vessel thiougli which 
a constant cuirent of cold watei passes. Great care must be taken 
that the water does not splash into the beaker, to which end the leading 
tube should be firmly fixed both to the tap and the basin 50 grin, 
of the glyceun are weighed out, and, when the acids are not hotter 
than from 12° to 15° C , added diop by diop, using a theimometer as 
a stnrer. The stirring must be very thorough to avoid local heating, 
and the temperature must not be allowed to exceed 30°, 25° being a 
safer limit. The small beakei may be weighed again to give the exact 
amount of the sample added, and when the tenipeiature of the other 
has fallen to 15°, the liquid is run out into a peifectly dry sepaiating 
funnel, which may advisedly leceive a preliminary rinse with strong 
sulphuric acid The quicker the sepaiation of the liquids, and the 
sluirper the line of dcmai cation between the nitroglycerin and the 
acids, the better is the glyceiin The mtioglycerin is always slightly 
turbid, but if it contain flocks, oi the separation be not complete in 
five or ten minutes, oi if theie be a cloudy middle layer of liquid, the 
glycerin must he icjected With veiy bad samples, no separation at 
all may be obtained on standing several horns 

If it be desired to make the determination quantitative, the opera- 
tion may be continued The acids are run oft', the mtioglycerin 
carefully swung round in the separatoi to detach diops of acid from 
the walls (without shaking it, however), and after these diops are 
removed, washed with warm (35° to 40° C.) water, once oi twice with 
20 pei cent soda, and again with water It is then mn into a 100 cc 
burette, or gnuluated tube, and when the excess of water has nsen to 
the top, the volume read off This, multiplied by 1 G, gives its weight, 
and the yield should be at least fiom 207 to 210 per cent , — the higher 
the better (theory requnes 246 7 per cent ). If preferred, it may be 
weighed diiectly aftei filtiation over salt, and its specific gravity taken 
The loss m the wash-waters is insignificant 
To destioy the nitroglycerin, it is best absorbed in a thin layei of 
sawdust spiead m an open yaid lemoved from any buildings, and then 
set on fire with a match. It will burn away quietly 

Glycerol intended for pliaimaceulical or medical use should be dis- 
tilled. An article answemig to the tests of the British Pharmacopeia 
has a specific gravity of about 125, aud is fiee fiom chlorides, sul- 
phates, calcium, heavy metals, and acid or alkaline reaction. When 
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gently heated with dilute sulphuuc acid no rancid odor is pioduced, 
and wlien shaken with an equal mcasuie of stiong sulphuuc acid no 
coloration, oi only a veiy slight stiaw coloration, lesults The United 
States Pharmacopeia luither directs that the glycerol should not give 
a decided piecipitate of cupious oxide when heated to 85° C with 
Felihng’s solution, eithei with 01 without being pievioudy hoiled for 
half an hour with dilute hydtochloiic acid No sensible amount of 
caibonaceous residue should be left on burning away 2gim. of the 
sample, and no ash aftei complete ignition Foi medical use it should, 
of coiuse, be fiee fiom appieciable amounts of arsenic 
Aisemc may often be detected by Reinsch’s test, but Gutzeit’s test 
is moie delicate" It is performed as follows — 

Place ifl a tall test-tube about a gram of puie zinc, 5 c c. of diluted 
sulphuno acid (6 per cent ), and 1 c c of the sample The mouth of 
the test-tube is then coveied with a tightly fitting cap, made of thiee 
thicknesses ofi filter-paper. A diop of stiong solution of silver nitrate 
is placed on the upper layer and the tube allowed to stand for ten 
minutes in the daik If aisemc be piesent, a blight yellow stain 
will appear on the filter-paper, which, on the addition of water, be- 
comes black or biown. A blank test should always be made to 
establish the absence of arsenic in the reagents. Sulphides (which 
may be detected by substituting lead acetate for the silver nitrate 
in the above test) must be oxidised to sulphates before applying the 
test. 

The test is extremely sensitive A less ligorous test may be made by 
substituting a drop of a satuiated solution of mercunc chloride for 
the silver nitrate If no yellow coloration appears after ten minutes, 
the sample may be considered free from aisemc. 

Tntenyl Nitrate. Nitroglycerin. 

When strong glycerol is gradually added to a well-cooled mixture 
of very strong nitnc and sulphuric acids, it is converted into tntenyl 
nitrate, or nitroglycerin, formerly called “glonom oil" When 
great care is taken, neaily the theoretical yield is obtainable ; but if the 
temperature be allowed to rise, a more complex reaction ensues, with 
formation of oxalic acid, glyceric acid, etc,, and if the action be 
veiy violent, spontaneous explosion may take place. This may also 
occur if the glycerol be impure. 

Nitroglycerm is a heavy oily liquid, of 1 600 specific gravity at 
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15° C When -pure it is colorless, but the commercial product has a 
yellow color. It solidifies at about 8° C According to Lobry de 
Bruyu ebullition-does not take place at 160° C even under a press- 
ure of 15 mm. 

Nitroglycerin has no marked odor, but is sensibly volatile at ordi- 
nary temperatures, and the vapor causes a violent headache in those 
unaccustomed to it, but most of those employed in handling dyna- 
mite do not suffer from the effects It is employed m medicine, and is 
poisonous even m small doses It is not readily inflammable, and 
when ignited commonly burns with a greenish flame, without explosion. 

Its most characteiistic propeity, and that which has the most im- 
portant application, is its high explosive foice. It explodes with vio- 
lence when smartly struck or compressed, or when dropped on an iron 
plate heated to 257° Absorbed by sawdust, liesclguhr (infusorial 
earth), or other inert porous mateiial, it pioduces the varieties of dyna- 
mite, and combined with gun-cotton it constitutes “ blasting gelatin ” 
Nitroglycerin is miscible m all proportions with ether, chloiofoim, 
glacial acetic acid, and phenol, and is also very soluble m benzene , 
hut it dissolves only spanngly m glycerol, carbon disulphide, nr amyl 
alcohol It is slightly soluble in watei (1 gim in 800 cc), but dis- 
solves in alcohol, and more leadily in wood spiut, and is precipitated 
from these solutions on addition of water Tins fact may be used for 
its purification, and by subsequently titratiug the aqueous liquid with 
standard alkali for ascertaining the proportion of free acid in the com- 
mercial product and its preparations. The presence of free acd indi- 
cates imperfect manufactuie, and a special liability to spontaneous 
decomposition and explosion. Nitroglyceim is easily saponified by 
alcoholic potash, and is reduced by various deoxidising agents. Its 
reactions are described more fully on next page. 

Detection op Nitroglycerin. 

For the recognition of nitroglycerin it is usually necessary to isolate 
it in a state of approximate purity This may be generally done by 
extracting it by ether or benzene and evaporating the solution ; or by 
dissolving in alcohol or wood spirit and precipitating the nitroglycerin 
by diluting the solvent with water 

When isolated, nitroglycerin may be recognised by its physical char- 
acters, and the following methods — 

1 A drop of the liquid allowed to spread on filter paper burns 
quietly with a peculiar greenish flame on igniting the paper. 

2 A drop of the liquid placed between two folds of non-absorbent 
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paper explodes violently when smartly struck with a hammer on an 
anvil The experiment may fail unless a violent blow be given which 
catches the drop fairly 

3 A drop of the liquid allowed to fall on an iron plate heated to 
about 257° C explodes violently If this temperature be much ex- 
ceeded the liquid inflames without detonating, and at a lower tempera- 
tuie it evaporates without igniting 

4 If dissolved in alcohol, and warmed with ammonium sulphide, 
nitroglyceim is decomposed, ammomum nitrite, glycerol and free sul- 
phur being pioduced. If excess of sulphide be removed by zinc sul- 
phate, and the liquid filteied, the mtnte may be detected by the usual 
tests 

5 A drop of mtioglycenn, when treated with a solution of ferrous 
sulphate acidulated with hydrochloric acid, gives the brown coloration 
chaiacteiistic of nitiates and nitrites. 

Determination op Nitroglycerin. 

1 When boiled with alcoholic potash, nitroglycerin is readily 
saponified, but the pioducts are not simply glycerol and potassium 
nitrate, a more complicated reaction takes place According to M. 
Hay no glycerol is obtained, as it is oxidised at the expense of the 
NO, groups, about two-thirds of which suffer reduction to the nitrous 
condition, only about one-third being found as nitrate. The principal 
reaction appears to be as follows . — 

C 3 H 6 (NO,) 3 + 5KHO =KNO s + 2KNO, + KChHA + KGHO a + 
3H,0 

Besides the nitrate, nitrite, acetate, and formate shown m this equa- 
tion, some oxalate is formed, together-with a small amount of ammonia, 
and a leddish brown resinous substance, probably aldehyde-resin, 
which gives a daik color to the liquid This reaction appears to occur 
in a fairly definite manner Thus, Hay found the piopoi tion of nitrous 
anhydride (N 3 Oj) produced by the saponification of 100 parts of nitro- 
glycerin to range between 34 14 and 35 24, the theoretical yield cor- 
lesponding to the above equation being 33'48 The author has at- 
tempted to apply Koettstorfer’s principle (page 53) to the assay of 
introglyceiiu, but though the results obtained were fairly concordant, 
the dark color of the liquid prevented the point of neutrality from 
being ascertained with accuracy by any of the indicators tried 

2 Champion and Pellet adopt the following method of determining 
the N0 3 of nitroglycerin A known quantity of solution of ferrous 
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sulphate of previously ascei tamed reilucmg power is placed in a flask, 
acidified strongly with hydrochloric acid, and its surface eoveied with 
a layei of petroleum oil About 0 5 grin of the nitioglyceiin is then 
intioduced, and the flask heated on a water-bath When the sample 
is completely decomposed the liquid is heated to boiling to remove 
nitric oxide, and the excess of firious sulphate ascertained by titration 
with siandaid permanganate Fifty-six paits of lion .oxidised by the 
sample coriespond to 20 117 of NO, m the nitroglycerin, or to 25 2 
parts of tntenyl nitrate 

3 Instead of calculating the nitroglycerin from the amount of iron 
oxidised, it may be deduced from the volume of nitric oxide gas 
evolved in the reaction For this purpose a modification of Eyk- 
man’s method of assaying spnitof mtious ether may be advantage- 
ously employed. The apparatus ancl method of manipulation are 
described in volume 1 page 200 el wq About 5 grm. of ammonium 
fcrious sulphate and 50 ec of water should be introduced into the 
flask, mid, when all the air has beeu expelled by boiling the liquid, 
and the appaiatus has become quite cool, a solution of about 0 1 grm, 
of mtroglyceiin m about 5 cc of concentrated sulphuric acid is 
intioduced, taking care to allow no an to enter This is followed by 
about 50 c c of a mixtuie of equal measures of strong sulphuria and 
hydrochloric acids. The contents of the flask are then boiled till the 
evolution of gas is complete, when the nitric oxide evolved is meas- 
ured, with due precautions, in the usual way. The number of centi- 
metres of gas obtained, at 0° G and 760 mm pressure, multiplied 
by 0 6260, gives the nitrogen m milligrams , or, multiplied by 3 39, 
gives the corresponding weight of tntenyl nitrate* 

4 Instead of operating in the foregoing manner, Hempel and 
Lunge deteinnne the nitric oxide evolved by agitating the sample 
with Milphunc acid over mercury, under which conditions nitro- 
glycerin behaves like an ordinary nitrate. An accurately weighed 
quantity, varying fiom 0 12 to 085 grm., according to the proportion 
of nitroglycerin and the capacity of the apparatus, is introduced into 
the cup of a nitrometer filled with mercury. About 2 c c. of concen- 
trated sulphuric acid is then added, and when the nitroglycerin is dis- 
solved the solution is allowed to enter the nitrometer through the tap. 
The cup is unsed with successive portions of 2 cc and 1 c c of strong 
sulphuric acul, which are allowed to enter as before, and the contents 
ol the nitioraeter are then thoioughly agitated in the usual way, and 
the volume of nitric oxide evolved read off after standing about fifteen 
minutes. As stated above, the volume of gas in c c. at the standard 
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pressure and tempciatuie, multiplied by 3 39, gives the weight of 
Tutioglycenu in milligiam« Ilempel states that the total volume of 
5 o e of sulphuuc acid must not be departed from, with less than 
that volume the leactaon pioceeds too slowly, and with more the 
results are too low 

Analysis of Dynamite, &c. 

Nitroglyceun is the leading ingredient of a number of explosive mix- 
tures, called by a vui lety of fanciful names, and which are sometimes of 
a veiy complex composition Among the explosive constituents of these 
mixtuies aie nitroglyceiiu, gun-cotton, collodion cotton, and nitrated 
wood , the absoibent materials include kieselgulir (infusorial earth), 
raudante, tupoli, clay, alumina, sawdust, wood, charcoal, coal, liguite, 
,&c , some of which are also combustible, as aie losm, camphor, par- 
affin, and sulphur, among the oxygenating bodies aie potassium, 
sodium, and barium nitiates; while sodium, ammonium, calcium, 
and maguesuim carbonates aie added as antacids (see table, p 338). 

In assaying nitroglycerin piepnrations it is necessary to determine 
the water by diyiug the finely-divided substance (which should be cut 
up or crushed with a horn spatula or lvoiy papei -knife) in a vacuum 
over sulphuric acid, as nitioglyceim volatilises sensibly with the least 
increase of tempeiature 

Ordinary dynamite — which usually contains 75 pel cent of nitro- 
glycerin absorbed by 25 per cent of ignited infusorial earth, to which 
a small proportion of nJkah-caibonate has been added as an ant- 
acid — may be conveniently examined by exhausting the dued sample 
with anhydrous ether, prefeiably m a Soxlilet-tube, and weighing the 
insoluble residue The nitroglyceun is estimated fiom the loss, and 
in the absence of othei substances soluble m ether, such as camphor 
aud resin, this is the most satisfactory way Many operators evapo- 
rate the etheieal layei aud weigh the lesidual nitroglycerin, but the 
author has found this method faulty, as it is almost impossible to pre- 
vent loss of nitroglycerin, even when the ethereal solution is allowed 
to evaporate spontaneously at the oidmary temperature. 

In the absence of metallic nitrates and of the different varieties of 
nitiocellulose which are piesent in blasting gelatin, nitroglycerin may 
be at once determined by one of the methods described on page 335, 
but otherwise it must be previously isolated by ti eating the mixture 
with ether. Even the best of these methods only estimate the N0 2 , 
and hence do not actually determine the nitroglyceun present, which 
is not always strictly tritenyl mtmte, besides which dynamite contains 
vor. n— 22 
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traces of metallic nitrates. The determination of nitroglycerin by 
difference is usually the most satisfactory 


Composition of Some Well ‘known Nitroglycerin Explosives 


Name 

AGE OF 
NtTRO- 

Other Ingredients 

Dynamites 

KieseTgufir Dj naimte (Glnnl Powder, No 1) 

„ „ i „ No 2) 

Rhoxite of Cnrl Dillcr, 

Mcganltc of Scliilchlior & Co . 

DynamitoofVonges, Trance, 

Csrbonlto, Schmidt A Ulchcl, . , 

Heiculcs Powder, 

Vulcan Powder, . 

Safety Nitro-Pow dor 

Judson Powder, „ _ 

Atlas Powder, 

Vlgorite, 

Pulverulent Ammonium Dynamite, 

Dynnmlte No 3, for giant mines, 

Carbo-Dynnmito of Reed A Borland, 

COKDITP, 

Bl.ASTINQ dpLAHNE, ' , 

Gelatinf Dynamite, 

40 

00 

2r, 

68 

40 

75 

30 

20 

90 

«•) 

90-96 

Sodium nitrate' 4u, sulphur, b, 
rosin, 8 , kieselgubr, 8 

Sodium nltrau, 18, decayed wood, 

Nitrated wood, 10 ^ nltruod vtjje- 

Dccotuposeif felri'spir, 20 8, quartz, 

3 8, inuynosium uirhonate, 0 4 
Wood meal, 40 5, sodium nitrate, 
34, sodium urbonate, 0 5 
Kieselguhr, 20 , wond-mcal, 4, po- 

Sudium nitrate, 45, wood pulp, 11 , 
sodium chloride, 1 , magnesium 
cnihonnte, 1 , moisture, 2 

Sodium nitrate, 52 5, sulphur, 7, 
charcoal, 10 5 

Sodium nitrate, 18 35, wood-pulp, 
Sodium nitrate, 64, sulphur, 16, 

Sodium nitrate, 2 , wood-fibre, 21, 
magnesium carbonate, 2 

Potassium chlorate, 49 , potassium 
nltrato, 7 ^ wood piUp, 9 , ina|j- 

Aninionlum nitrate, 25, sodium 
nitrate, 36, roasted rye-flour, 36 
85 of absorbent powder, con sis ting 

dium carbonate 

Cork-charcoal 10 

Gun-cotton, 37 , vaseline, 7 
Collodion-cotton, 40 , aniline, 1 
Soluble gun-cotton, 4-8 Camphor 
sometlmos added 

Nitro-cotton, 1 , sodium nitrate, 38, 
tar, sulphur, aud wood-pulp 


The following systematic scheme for the analysis of nitroglycerin 
preparations is a modification of the methods proposed by F, Hess. 
G. Lunge, Champion and Pellet, and others.— 
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Heating Test for Nitro-explosives — The following test pre- 
scribed by the British Home Office has been very geneially adopted 
in order to determine the extent to which an explosive is liable to 
decompose during storage — 
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Apparatus required 

1. A wuta bath, consisting of a spherical glass oi copper vessel (A) 
of about 8 inches in diameter, with an aperture of about 5 inches , 
it is filled with water to within a quaitei of an inch of the edge It 
has a loose cover of sheet-copper about 6 inches in diameter (,B) and 
rests on a tripod-stand about 14 inches high (C), which is covered 
with coarse iron wire gauze (E), surrounded with a screen of thin 
sheet-iron or copper (D) Within the latter is an argand lamp (F) 
with glass chimney The covei (B) has four holes, ananged as seen 
in the figure No« 1 and 2, the test-tubes containing the material to 
be tested, No 3, the thermometer, No. 4, to receive the regulator 
Around holes 1 and 2 on the under side of the cover are soldered 
three pieces of brass wire with points slightly converging , these act as 
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springs, and allow the test tubes to be easily placed in position and 
removed 

2. Schdihlei 'a or Page's temperature regulator 

3 Two cells of LeelancM’s ballet y, No. 1\ it Scheibler’s regulator be 

4 A few yards oj insulated eoppct uivre J used 

This legulatmg apparatus is not essential, as the tempeinture of 
the bath can be kept constant by proper attention to the heating 
flame 

5 Test-tubes from 12 to 14 cm long, and of such a diameter that 
they will hold 20 to 22 c c. of water when filled to a height of 12 5 cm. 

6 India-rubber stoppers, fitting the test-tubes and cariyiug an 
ariangement foi holding the test papers, viz, a nariow glass tube 
passing through the centre of the stoppei, diawn out so as to foirn a 
hook, or teiminating m a platinum-wne hook 

7 A Ihennometei with lange at least from 0 to 100° C. 

8 A minute eloclc 

Materials required: 

(a) Test paper, piepaied as follows. — 3gim of white maize starch 
(coin-flour) previously washed with cold watei, are added to 250 c.c. 
of distilled water, the mixture stared, heated to boiling, and kept 
gently boiling foi ten minutes, 1 gun of puie potassium iodide (le, 
which has been i ecrystalhsed from alcohol) aie dissolved m 250 c c 
of distilled water The two solutions aie tlioiouglily mixed and 
allowed to get cold Strips oi sheets of white English filtei -paper, 
pieviously washed with water and dried, are clipped into the solution 
thus piepaied, and allowed to lemain in it foi not less than ten 
seconds , they are then allowed to drain and diy in a place fiee from 
laboiatory fumes and dust The uppei and lowei maigins of the 
stnps or sheets are cut off and the paper is preserved in well -stoppei ed 
oi coiked bottles in the (tail. The fieshly-piepaied paper, and that 
which is still in good condition, will give no coloration when a drop of 
dilute acetic acid is put on it In time, however, and soonest in a 
strong light a chop of the acid pioduces a biown or bluish coloiation. 
A single hour of direct sunlight produces a marked effect When 
tins change occurs the papei is spoiled On this account it is advis- 
able to prepare but little of the test paper at one tune, and not to use 
any that is moie than one month old The dimensions of the pieces of 
test-paper used are about 10 by 20 mm 

(5) Standard Tint-paper — A watery solution of-caramel is made of 
such strength that when diluted 100 times the tint of the solution 
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equals that produced by Ncssler reagent in 100 cc of water contain- 
ing 0'00023505 grm. of ammouium chloride With this caiarael 
solution lines are diawn by means of a clean quill-pen on strips of 
white filter-papei pieviously washed with distilled watei to leinove 
traces of bleaching matter, and dried. When these maiks aie diy, 
the paper is cut into pieces of tho same size as the test papei pievi- 
ously described, so that each piece has a blown line aeioss it near the 
middle of its length Only those ships aie used m which the blown 
line has a bieadth vaiymg fiom '5 to 1 turn. 

A. Niboqlyccnn piepaiations, fiom which the nitioglycenn can be 
extracted in the manner de'-cubed below, must satisfy the following 
test, otherwise they will not be consideied ns manufactured with 
“ thoroughly punfied inti oglycci in ’’ within the terns of the license 
The test, ho we vei, is only one of several which the prepaiation will 
have to satisfy in oulei to establish its compliance with the definition. 

Separation of the Nittoyhjrcrin — About 20 to 25 gun. of dyniunite 
finely divided nio placed m a funnel loosely plugged with some 
fi eddy-ignited asbestos. The suifaee is smoothed by means of a flat- 
headed glass lod or stoppei, and some clean-washed and dried diato- 
maceous eaitli is spieail ovei it to tho depth of about one-eighth of 
an inch Watei is next caiefully diopped upon the mass fiom a wash- 
bottle, and when the Hist portion has been soaked up more is added ; 
this is lepeated until sufficient nitioglycenn has been collected in a 
graduated vessel placed below. 

If any water should have passed through with the nitroglycerin, it 
should beiomoved with a piece of blotting-papei, and the oitioglyc'erin 
filtered, if necessary, thiough a diy paper filter 

Application of the Test — The theiinometer is inserted through the 
lid of the watei bath described ahove, into the watei (which is to 
be steadily maintained at a tcmpeiature of 160° F. (71° C) to a 
depth of 7 cm 3 24 grm. (50 gianis) of the nitioglycenn to be 
tested aio weighed into a test-tube in such a way as not to soil the 
sides of the tube A test-paper is fixed on the hook of the glass rod, 
so that when nisei ted into the tube it will be in a veitical position. A 
sufficient amount of a mixtuie of half distilled watei and half glyc- 
erol to moisten the upper half of the paper is now applied to the 
upper edge of the test paper, by means of a camel’s-hnir pencil ; the 
cork cai rying the lod and paper is fixed into the test-tube, and tho 
position of the paper adjusted so that its lower edge is about half-way 
down the tube; the latter is then inseitcd thiongh one of the perfoia- 
tions of the cover to such a depth that the lower margin of the moist- 
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ened pait of the paper 19 about 16 cm above the suiface of the 
covei The test is complete when a faint biown line, 1\ Inch after a 
time makes its appeal ance at the line of boundaiy between the diy and 
moist part of the paper, equals in tint the biown line of the standaid 
tint-paper. 

” The nitroglycenn will not be considered as " tlioioughly purified ” 
within the terms of the license unless the time necessary to pioduce 
the standaid tint as above described is at least fifteen minute® In 
laboiatones wheie many tests aie made daily, the nitroglyconu is not 
weighed, ‘but is measured by a_ pipette holding about the quantity 
mentioned above when filled to the mailt The test-papeis must never 
be touched with the hands, since -they aie influenced by the least 
nnpuuty It is advisable to have a large piece of coik in readiness 
on which the test-paper is 1 put flora the bottle by means of a pair of 
pincers and held theie with them, whilst with a second pan of pinceis 
a hole is first made in the pnper and the gla®s lioolc inserted in the 
hole. The glycerol solution can then be put on the papei by means 
of a glass lod ; as a rule, a small diop is sufficient for the puipose. 

I11 the laboratoiy of the U S Mihfaiy School at Ft Monioc, Ya, t 
0 324 grin. (5 grains) are used for tjie test, and the time allowed for 
the appeal auee of the coloi is ten minutes (Sec “ Lectures on Explo- 
sives,” by Lieut W Walke) 

B Blasting gelatine, gelatine dynamite, and analogous preparations. 

S 24 gim of blasting gelatine aie intimately incorporated with double 
its weight of French chalk (this can be readily effected by caiefully 
woiking the two matenals together with a w'ooden pestle m a wooden 
mortal). The mixture is to be giadually introduced into a test tube 
of the dimensions piescnbed above foi the dynamite test, with the aid 
of gentle tapping on the table, between the introduction of successive 
portions of the mixture into the tube , so that when the tube contains all 
of the mixture it shall be filled to the extent of 4'5 centimetre^ of its 
height. The test-papei is then to be inserted and heat applied in tbe 
mannei presenbed above for the dynamite lieat-test, and the sample 
tested is to withstand exposuie to 160° F (71° C) for a peiiod of ten 
minutes befoie producing a discoloration of the test-papers corre- 
sponding m tint to the standaid color-test which is employed for 
governing the results of the dynamite lieat-test. 

G Cordite and Similar Smokeless Pomleis — From each end of each 
piece of cordite selected for the test, pieces of 1 inch length are cut. 
With thicker cordite each piece is further cut into about four parts 
With flake or cube powder a division is made in a similar manner* 
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The pieces are passed two 01 tlnce times tluough a pug-uull, and the 
pa it fust passing is put aside, as it may contain i'oieign substances 
from the mill. The ground matenal w pa=sed through a set of tin ce 
sieves. That which has passed tluough the co.uBest sieve and is 
retained by the second one is used for the test After each gunduig 
the mill must be taken apaitand thoioughly cleaned. 

For the test, 1 62 gim. of coidite are put, with light shaking, into 
a teat-tuhe, which is provided with a test-papei moistened with glyc- 
erol as desci ibed above. The watei in the bath is kept at a teinper- 
atuic of 82 2° C The lower eud of the moistened pait of the papei 
should be about 15 6 mm above the surface of the cover of the bath 
The bi own line on the test-paper must not appear in less than fifteen 
minutes 

D. Guncotton, Schtlke Powd&i , E C Powder, and Similar Explo- 
sives — Sufficient matenal to sei ve for two oi more tests is removed fi om 
the centci of the cartridge by gentle sciapmg, and, if necessaiy, fur- 
thei reduced by rubbing between the fingers. The fine powdei thus 
produced is «piead out in a thin layer upon a papei tiay, 11 by 15 cm , 
which is then placed in a water-oven, kept, as nearly as possible, at 
49° C The oven should have wire-gauze shelves about 7‘5 cm. apart 
The sample is allowed to remain foi fifteen minutes, the door being left 
wide open. The tiay is then lemoved and exposed to the air of the 
loom for two houis The powder should be nibbed upon the tray with 
the hand, in oidei to reduce it to a fine and uniform state of division. 

Application of the Test — The cover of the water bath is fitted with the 
gas regulator, which is inserted through the centre hole (No 4). The 
thei momctei is fixed in hole No 3. The water is heated to 66° C,, and 
the legulator set to maintain that tempeiatme. 1 296 grm (20 grs.) 
of the sample are placed in the test-tube of the dimensions specified, 
and gently pressed down until it occupies a space of (as neaily as pos- 
sible) 3 12 era A test-paper is affixed to the hook of the glass rod, 
and moistened by touching the upper edge with a drop of distilled 
watei containing 60 per cent of pure glycerol. The quantity of liquid 
used must be only sufficient to moisten about half of the papei The 
cork cariymg the rod and test-paper is then fixed in the test tube 
and the latter inseited into the bath to a depth of 6 25 cm measuied 
from the cover, the regulator and thermometer being inserted to the 
same depth The test-paper is to be kept near the top of the test-tube, 
but clear of the coik, until the tube has been immersed for about five 
minutes. A ring of moiatuie will, in about this tune, be deposited 
upon the sides of the test-tube, a little above the cover of the bath , 
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the glass rod must theu be loweied until the lowei niaigin of the moist- 
ened part of the paper is on a. level with the bottom of the ling of 
moisture in the tube, the papei is now closely watched. The test is 
complete when a veiy faint biown coloration makes its appcaianee .it 
the hue of boundary between the dry and moist paits of the paper. 

The time interval between the first inseition of the tube containing 
the sample of gun-cotton m the watei at 66° C. and the fiist appear- 
ance of discoloiation on the paper must not be less than ten minutes 

Exudation and Liquefaction Tests for Blasting Gelatine, 
Gelatine Dynamite, and Analogous Preparations. 

Tests foi Liquefaction — A cylinder of blasting gelatine should be cut 
fiom the caitndge to be tested and be placed on cud on a flat smlace 
without any wrapper, and seemed by a pm passing vcitically thiougk 
its centre The length of the cylinder should be about equal to its 
diameter and the ends cut flat The cylmdei is to be exposed foi one 
huudied and foity-foui (144) consecutive liouis (six days and nights) 
to a teraperatuie ranging fiom 30° to 32° C inclusive, and dm mg such 
exposure the cylinder shall not diminish by tnoie than one-fourth of 
its ongmal height, and the upper cut surface shall retain its flatness 
and the sharpness of its edge 

If the blasting gelatine and gelatine dynamite be not in cylindrical 
foim, thp test must be modified accordingly 
Limit op Liability to Exudation. — The general mass of a blast- 
ing gelatine or gelatine dynamite should not allow of the sepaiation 
undei any conditions of storage transpoit, or use, of a substance of less 
consistency than the bulk of the remaining portion, nor when the 
material is subjected three times m succession to alternate freezing 
and thawing, nor when subjected to the above liquefactiou test. 

Diphenylamine Heat Test. 

Guttmann (J.S G. 1, 1897, 283) states that the official heat-test as 
given above is inapplicable to most smokeless powdeis, and to some 
blasting explosives, since the iodine supposed to be hbeiated, is acted 
upon by some of the ingiedients — e g , castoi oil, acetone, and vaseline. 
After examination of a number of methods for the detection of 
nitrogen dioxide he advises the diphenylamine test — 

One grin of diphenylamine is placed in a wide-uecked flask piovided 
with a ground stoppei, 50 c c. of dilute sulphuric aeul (10 c c of cou- 
centrated sulphuric acid to 40 cc of water) added, and the flask 
heated in a water-bath to between 50° and 55° C until the solution is 
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effected The flask is, removed, well shaken, and allowed to cool.. 
After cooling, add 50 c.c of pme glyceiol, shake well, and pieseive 
the solution in the daik. The test is applied as follows The explo- 
sive is finely divided as dueeted in the Home Office regulations, 
smokeless powder being ground m a bell-shape coffee-mill and sifted. 
1 5 gun (flora the second sieve in the case of smokeless poivdei) are 
placed in a test-tube Stups of well-washed filtei -paper, 25 hy 10 
mm , me to be hung on a hooked glass xod as usual The diphenyl- 
aninie solution is taken up by means of a clean glass rod, and a drop 
placed on each of the upper corners of the filter-paper, so that when 
the two dtops run together about a quartei of the filtei-paper is moist. 
The papei is then put into the test-tube, winch is placed in the water- 
bath, heated to 70° C The reaction should appeal in less than fifteen 
minutes It will begin by the moist pait of the paper becoming a 
greemsli-yellow, and from this moment the papei should be caiefully 
watched After one or two minutes a dailc-blue maik will suddenly 
appciu on the dividing line, between the wet and diypoition; the 
time lequiied foi this appeal ance is to be noted. 

The following table shows some of the results obtained : — 
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CHOLESTEROL. 

Cholesteryl Alcohol. 

c 20 h„o=c m h 13 .oh. 

Cholesterol is a substance which occurs very frequently, both as an 
animal and a vegetable product It is piesent in the brain, yolk of 
eggs, perspiration and the liquid of ovarian tumors. It is a product 
especially charactenstic ot the livei, — bilimy calculi being sometimes 
almost wholly composed of it In shaik-hvei oil the author has found 
it in considerable quantity, and has also isolated it fiom cod-liver oil, 
butter fat, &c It occuis in olive oil, but it exists in considerable 
propoition in the fatty raattei of sheep’s wool 
Cholesterol is deposited flora its solution in cliloiofoimin anhydrous 
needles, having a specific giavity of 1 067 It is tasteless and odorless 
It melts at 147° C , and if carefully heated may be sublimed un- 
changed at a higher tempeiatuie When subjected to dry distillation 
it yields a carbonaceous lesidue and a neutral oil insoluble in potas- 
sium hydroxide, from which a second distillation with water separates 
a volatile oil having an agreeable odor of geranium 
Cholesterol is quite insoluble in water, even when boiling It is 
sparingly soluble in cold alcohol, but readily in the boiling liquid, and 
is easily dissolved by methyl alcohol, ether, chloroform, carhon disul- 
phide, benzene, turpentine, and petioleum spirit It is also soluble in 
fixed oils, purified bile, and solutions of soap. 

The alcoholic solution of cholesterol is neutral in reactiou. It is 
levorotatory, the specific lotation for the sodium ray being — 36 6°, 
according to Dragendorff, or — 31 - 6° according to Lmdenmeyer. 

Cholesteiol is deposited on giadually cooling its hot alcoholic solu- 
tion in ciystals containing 1 molecule of watei. The crystals are 
nacreous laminss, of a highly charactenstic appearance 

Cholesterol is unacted on by dilute acids or concentrated alkaline 
solutions, but is decomposed when fused with caustic potash. Lewko- 
witsch has noted that when cholesterol is heated with soda-lime, no, 
or at most very small quantities of, fatty acids are formed — an im- 
portant difference from aliphatic alcohols 

If anhydrous cholesterol be dissolved in carbon disulphide, and a 
dilute solution of bromine m the same menstruum gradually added, a 
cholesterol dibromide, C 36 B«O.Br 2 , is obtained This body ciystallises 
in small colorless needles, melts at 147°, and is reconverted into cho- 
lesterol bv the action of nascent hydrogen. 
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The calculated lodine-absoiption of cholesterol is 68'3 Lewko 
witsch obtained figuies closely nppioximating to tins 

By oxidation with clnomic acid mixtuie, cholesterol is conveited 
into a white amoiphous acid, having the composition of oxycholic 
acid, C>(jH«Ofi, small quantities of acids of the acetic series being also 
produced. 

Cholesteryl Esters 

In its chemical relationships, cholesterol behaves as a monatomic 
alcohol. On adding sodium to its solution in purified petroleum, 
sodium cholesterylate, C. (1 H t3 Na O, is formed with evolution of b yd i ei- 
gen By the action of pliosphoius pentachloiide, oi by heating it 
with eoncentiated hydiochloiic acid, cholesteryl chlonde, C^H^Cl, is 
obtained as a crystal liue substance melting at 100°. Cholesterol also 
leftets with oiganic acids to foira a senes of ethereal salts, of which 
the acetate and benzoate are the most mteiestiiig 

Cholcslc .1 yl Acetate, is foiraed by the action of acetyl 

chloiide on sodium cholcstciylate, or of acetic anhydride on choles- 
teiol (see pages 353 and 354). It ciystalhses m small, coloiless 
needles, winch melt at 92°, aud aie nearly insoluble m cold and with 
difficulty in boiling alcohol, but aie soluble in ether 

Ckolestei yl Bea:oaie, C;„H g3 C-H g Oj, is obtained by heatiDg choles- 
terol with benzoic acid under pleasure (page 353) It ciystalhses 
ft om ether in small glistening rectangular tablets, melting at 150- 
351° C. 

On ti eating the vanous cholesteryl esteis with alcoholic potash, they 
readily undergo saponification, and, after evapoiating off the alcohol 
nud ti eating the residue with water, the cholesteiol can be extracted 
from the aqueous liquid by agitating it with ether 

Detection of Cholesterol. 

When existing m a model ately pure state, cholesterol is easily leo- 
ogmsed by Us highly chaiacteiistic crystalline form The substance 
to be tested should be boiled with alcohol, the solution filtered while 
hot, and allowed to cool slowly Either immediately on cooling or 
aftei pievious concentration, the cholesteiol will be deposited in crys- 
tals, which, viewed undei a modeiate microscopic power, with a dia- 
phiagm having a small aperture, appear as thin, very transparent 
rhombic plates, the angles of which are extremely well defined, and 
constantly nieasuie 79° 30' and 100° 30' 

The formation of Lhe characteristic acetate and benzoate, with deter- 
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imnations of the melting points of these esteis, will sometimes iifl’oid 
valuable means of identifying cholesterol, as also of isolating it liom 
otliei bodies (pages 353 and 354") 

Cholesterol gives a tiumbei of well-marked coloi-i evictions, of which 
the following are the chief — 

If a ciystal be tieated with a mixture of 6 volumes of concentrated 
sulphuric acid and 1 volume of water, aud the whole gently heated 
and examined undei the micioscope, it is seen to have become a 'Lie 
cnimine-ied color at the edges, and after an liour or two the red tint 
changes to violet. With a mixture of 3 measures of acid to 1 of 
water, a violet coloration lesults, and with moie dilute aud the edges 
appear of a lilac color 

If cholesteiol be tnturated with a little concentrated sulplnmc acid, 
and chlorofoim added, a blood-red solution is produced, winch, on ex- 
posuie to air, becomes successively violet, blue, green, aud ultimately 
coloiless 

To obtain the last reaction, Salkow«ki pioceeds in the following 
maunei — About 10 milligrams of cholesterol aie dissolved in 2 c c of 
chlorofoim, and the solution shaken with an equal mcasuie of sul- 
phur ic acid of T76 sp gr. The chloiofom layer immediately becomes 
coloied, passing fiom blood-red to cheiry-red aud puiple, which last 
tint it letains for seveial days A cautious addition of fuming nitric 
acid to the raixtuie causes these changes to occui lapidly. Iodiue acts 
m a very similar manner to nitric acid. The sulphuuc acid which 
separates fiom the chlorofoim acquires a well-maiked gieen fluores- 
cence If some of the chloroforraic solution be pouied into a capsule, 
thft color lapidly changes to blue, gieen, and yellow, the changes 
apparently being due to traces of moisture On addition of water the 
solution becomes paler, then blue, and finally neaily colorless, while 
showing a fine green fluorescence. 

If cholesterol be heated cautiously with a diop of concentrated 
nitric acid, and the pale-yellow product tieated with ammonium 
bydioxide before id has completely cooled, a fine yellowish-red tint is 
produced 

If a mixture of 3 measures of concentiated liydroclilouc acid and 
1 of a solution of ferric chloride be evaporated with a little cholesteiol, 
a reddish-violet coloration, changing to blue, is pioduced. Similar 
treatment with sulphuric acid and ferric chloride leaves a residue of a 
carmine color, which gradually passes to violet, and becomes scarlet 
on treatment with ammonium hydroxide 

Burchard’s modification of Lieberraann’s test is exceedingly delicate 
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but the reaction is shared by resin acids and other bodies A small 
amount of the material is dissolved in 2 cc of chloioform, 20 diops 
of acetic anhydride are added, and a single diop of concentrated sul- 
phuric acid In the presence of cholesteiol, a violet-pink coloration 
will appear. 

Nagel voort ( Analyst , 1889, 217) obtained from a sample of cod-liver 
oil acicular ciystals resembling phytosterol, but which gave the color- 
reactions of cholesterol (leddisli-brown with sulphunc acid, turning to 
dirty gieen on the addition of water) On lepeating the extraction, 
crystals of the usual foira of cholesteiol weie obtained 

Isocholesterol. 

This body is isomeric with ordinary cholesteiol and occurs with it in 
wool-fat. To sepaiate the isornenc alcohols, the raixtuie should be 
heated foi 30 houis m a sealed tube to 200° C, with four times its 
weight of benzoic acid or benzoic anhydnde The product is then 
repeatedly boiled with rectified spirit, when the excess of benzoic acid 
dissolves and the cholesteryl and isocliolesteryl benzoates leraain. By 
ciystalhsing them fiom ether, the foiniei is obtained in shining lect- 
angular plates and the latter as a light ciystalhue powdei which can 
be separated by decantation and elutnation Cholesteiyl benzoate 
melts at 150-151°, and the isomei at 190-191° O By saponifying 
the ethers with alcoholic potash, and diluting the solution with water, 
the cholesteiol and isocholesteiol are precipitated. 

So prepared, isocholesterol resembles the ordinary body, but melts 
at 137-138°, and solidifies on cooling to a brittle vitreous mass A 
mixture of cholesterol with isocholesterol melts at a lower temperatuie 
than either body separately. Isocholesterol separates from its dilute 
solution in absolute alcohol m flocks, but a concentiated solution solidi- 
fies on coohng to a translucent jelly. From its ethereal solution it is 
deposited m needles 

When evaporated with nitric acid and afterwards treated with am- 
monium hydroxide, isocholesterol gives the same leaction as choles- 
terol (page 349), but it gives no color-reactions with sulphunc acid 
and chloroform, or with ferric chloride and a mineral acid 

With the Burchard-Liebermann test a (see page 349) yellow and 
afterwaids a i eddish-yellow coloration appears, with, at the same lime, 
a green fluorescence. 

Hot acetic acid dissolves isocholesterol readily, forming an unstable 
compound which loses its acetic acid on fusion Tbe true isocholes- 
teryl acetate is obtained by digesting the alcohol with acetyl chloride 
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until the evolution of hydrochloric acid ceases, and then heating the 
mixture to 100° in a sealed tube. On removing the excess of acetyl 
chloride by evaporation, isocholesteryl acetate is obtained as an amor- 
phous substance, melting below 100° and readily soluble in alcohol 
(compare “ Cholesteryl Acetate,” page 348) 

Isocholesterol is dextro-rotatory, the specific rotation in ethereal solu- 
tion for the sodium ray being 60°. 

Phytosterol, C 26 H„0. 

Phytosterol, the “ cholesterol of plants,” has been found in the seeds 
of beans, peas, almonds, in maize and wheat, and in most vegetable 
oils, with the notable exception of olive oil and palm oil. 

The reactions of phytosterol resemble those of cholesterol, but the 
two bodies differ in melting point and crystalline form. The crystals 
of phytosterol separated from a hot alcoholic solution appear in tufts 
of needles. These have the composition Ca,H <4 0 -f- H s O and a melting 
point which is usually stated at 132-134°. Bomer (Ze.it. f. TJnter d 
Nahr. u Genuss , 1898, 81), as the result of a number of examinations, 
finds a mean of 137 5°. 

Solutions of phytosterol are levorotatory, the specific rotation for 
the sodium ray bemg 34 2° 

Isolation and Determination of Cholesterol and Phyto- 
sterol. Examination of Ether “Residues. 

For the separation of cholesterol and phytosterol from animal and 
vegetable matters containing it, the dried substance should be exhausted 
with ether, as described on page 20, the ether distilled off, and the resi- 
due saponified by alcoholic potash (page 44), the alcohol evaporated, 
and the cholesterol extracted from the aqueous solution of the resultant 
soap by agitation with ether, in the mannei described on page 113 
When oils or fatty matters are to be examined, they may be at once 
saponified by alcoholic potash. 

When no other unsaponifiable matter is present, the ether-residue 
will consist solely of cholesterol and phytosterol, which therefore may 
at once be weighed, but more frequently a further purification is neces- 
sary To ensure the complete absence of saponifiable matters it is 
desirable to repeat the treatment with alcoholic potash and re-extract 
the aqueous solution of the evaporated product with ether. 

The estimation of cholesterol and phytosterol in fats is most conve- 
niently determined by the method of Forster and ftiechelmann {Ana- 
lyst, 1897, 131) 50 grm of the fat are twice boiled, for about five 
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minutes at a time, with 75 co of 95-96 pei cent, alcohol, in a flask 
fitted with a reflex condenser, the flask being meanwhile well shaken. 
The sepmated alcoholic solution is mixed with 15 cc of 30 pei cent, 
sodium hydioxide solution, and boiled on the watei-bath, in a flask 
fitted with a condensation tube, until about one fouith of the alcohol 
has evapoiated The fluid is then evaporated neaily to dryness 
in a porcelain basin and the residue shaken up with etliei The 
ethereal solution is evaporated to dryness, the lesidue treated with a 
little ether, filteied, evapoiated, and the residue crystallised from 95 
per cent alcohol. Pure cholesterol can easily be distinguished fiom 
phytosterol by the forms and gioupmg of the crystals. If both bodies 
are present, the mixture crystallises m one form only, the crystals 
either approximating to the form of phytosterol, or if cholesterol is 
present in the gieater quantity, differing from the pure crystals of 
either body 

Von Eaumer (J S. C I, 1898, 774) determines the amount of ciude 
cholesteiol and phytosterol in fate as follows 50 gim of the oil 
are saponified with alcoholic potash The lesultingsoap is evaporated 
to dryness, reduced to powder, and extiacted with 60 to 75 c c of ether 
in a Soxhlet apparatus, plugs of fat free cotton being placed above 
and below the layer of soap. The residue is saponified again with 10 
c c of semiuornul alkali, evapoiated to dryness with sand, and re- 
extracted as betoie dining two hours 

As an alternative method, the dned soap from 50 grra. of the oil 
may be snbiected to cold extraction m a separating funnel, by exposure 
for one-half lioui to 100 cc of ether, this operation being repeated 
twice with fiesh quantities of 100 c c of the solvent 

By the first method the following results were obtained from 100 
grra. of oil. Cottonseed oil, 07199 gnu , sesame oil, 1 3146 to 1 3256 
grm. , lard, 0 2176 grm By the l;?oi d method, 1 351 grm. was ob- 
tained fiom sesame oil 

The lesults seemed to show that when the wotk is carefully done the 
second saponification and extraction are unnecessary 

The bodies most fiequently occurring with cholesterol and phytosterol, 
in the “ unsapomfiable mattei ” of which the ethei residue is composed, 
are isocholesterol (page 350), wax-alcohols fiom sperm oil, wool-fat, 
&c , and various hydrocarbons A partial sepaiation of these bodies 
may be made by boiling the ethei -residue with about three times its 
measuie of alcohol, and filtering the liquid while hot Hydrocarbons, 
« g , petroleum products, vaseline, <fcc , remain chiefly undissolved. 
On cooling the alcoholic filtrate, with or without previous concentra- 
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tion, cholesterol and phytosteiol will mostly deposit, while the alcohols 
from speim and bottlenose oils lemain m solution 

A more perfect separation of the constituents of a complex ether- 
residue, such as that yielded by lecovered giease ” or the crude oleic 
acid obtained by distillation of such pinducts may be made b\ the 
following method (Schulze, Jour f pmlt Chem , cxv 103) — The 
ethei-residue is boiled for an hour 01 two with an equal weight of 
acetic anhydride, in a flask furnished with an unrated eoiideu-er 
The hydrocarbons, such as petioleum, vaseline, cerasm, and paiaffin, 
aie not dissolved, but form an oily layei on the surface of the acetic 
anhydiide, which lattei should be sepal ated while still hot fiorn the 
hydrocarbons aud boiled two or tlnee times with watei . This treat- 
ment lemoves the excess of acetic anhydiide The residue consists of 
acetates of the solid alcohols, and if boiled with sufficient alcohol will 
dissolve entirely, but on cooling the solution the cholesteryl acetate will 
crystallise out almost completely The acetates of the alcohol radicles 
from sperm oil and the waxes (as also any isocholesteryl acetate) 
remain m solution, and are precipitated as an oily layer by pouring 
the liquid into hot watei 

Lewkowitsch opeiates upon a known quantity of the alcohols, and 
thus deteimmes the mciease m weight at the same time (see table) 

Furthei information lespecting the natuie and probable source of 
the acetates can be obtained by ascertaining their melting points and 
saponification-equivalents, as also the melting points and iodine absorp- 
tion of the recovered alcohols resulting from saponification. 


Radicle 

ALconoL 

Airrvn | 

Melting 

Point, 

Absorp- 

tion 

Parentage of 
Inueitfiein 
Weight on Boil- 
ing with Acetic 
Anhviliido 
(Lewkottitseh) 

Mating 
Point, «C 

Rnponiftca* 

Equn alent 

Dodecaty], 

24 

0 

Not determined 

Li at ord 

223 

HfexodecyJ(Cetyl), CfoHri 

49 5 

0 

17 2 


231 

Octadecyl, C, 8 H 3 j 

50 

0 

15 5 


3116 

Ceni, CkjHjj 

79 

0 

10 6 



MyriLyt, C 10 H„ 

85-86 1 

0 1 

9 6 

116 7 


Cliolestuyl, C 0 II« 

147 ' 

68 3 1 i 

11 3 

92 ! 


Isocholesteryl, 

337-138 

68 31 


Below 100 


Phjtoslery), C,„H„ 

132-138 


113 


1 414 


1 Calculated Lewkowitsch (J S. C 1 , 1832, 148) obtained for cholesterol iodine-absorption* 
of GS 03 and 07 3 
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The acetates of the wax-alcohol ladicles saponify readily, that of 
cholesteryl acetate is moie gradual, but is completed when the solution 
becomes clear. The alcohols will be separated on acidulating the soap 
solution, while acetic acid remains m solution, the behavior being the 
reverse of that with saponified fats. 

Lewkowitsch (J S C 1, 1892, 134) obtained the following results 
from an examination of the mixed alcohols from sperm oil and wool- 
fat— 


Ml 


Sperm oil . 

Neutral Wool-Jut 
Crude Wool-fut . , 


I°Dwr Anaoar- 


The separation of aliphatic alcohols from cliolesterols has not as yet 
been satisfactorily accomplished. Lewkowitsch {J. S C. I, 1892, 
135) has proposed a method based upon the conveision of the alcohols 
into fatty acids when heated with potash-lime, the cholesterol? remain- 
ing practically unchanged by the treatment In some experiments on 
alcohols from speim oil, all except 4 to 6 per cent, were convened into 
fatty acids On treating cholesterol in the same manner 93 per cent, 
was recovered unchanged. 

Coebenhausen {,T. SCI, 1897, 447) advises heating the mixture 
with §ulphurio acid, by whioh the alcohols aie converted into alkyl 
sulphates and the cholesterol into hydrocarbon “ cholesterones.” The 
former may be isolated by means of their sodium salts and the alcohol 
recovered by treatment with hydrochloric acid. See also Buisine’s 
Method for waxes, page 224 


Wool-Fat. Wool-Grease Saint. 

French — Suint German — Wollfett; Wollscliweissfett. 

Sheep's wool contains a large amount of fatty matter of very pecu- 
liar character. It is excreted by all parts of the animal, but is found 
most abundantly about the breast and shoulders. The crude “ yolk,” 
as it is called, is largely soluble in water, and hence is removed by 
washing the wool, but the wool-fat or smnt proper remains, and can 
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be extracted by carbon disulphide, petroleum spu it, ether, or other 
suitable solvent 

Thus obtained, wool fat is a yellow or bioivuish giense, having a 
peculiai disagreeable smell It melts between 30° and 43° C , and 
has a specific gravity of about '973 at 15° C. It possesses the remaik- 
able property of forming a very perfect emulsion with water, which 
when kept at the oidmary tempeiutuie exhibits no tendency to sep- 
arate into its constituents 

Complete saponification of wool fat cannot be effected by boiling 
with alcoholic potash, except nudei pressuie, 

Chemically, wool-fat has a peculiar and complex composition, and 
the exact natuie is still unknown. Cholesterol and isocholesterol aie 
piesent and potassium salts of various fatty acids, some of them vola- 
tile. Central y to the usually accepted statements, Lewkowitsch (J. S. 

C I , 1892, 136; 1896, 14) has found that wool-fat is not a nnxtuie 
of cholesteiyl and isocholesteryl stearates, palmitates, and oleates, as 
is shown by the low iodine absorption of both the fatty acids and the 
alcohols The form-" were found to consist of hydroxy-acids, easily 
giving off the elements of watei at temperatures little above 100° C , 
with foimation of mnei anhydrides or lactones. Oleic acid, if pies- 
ent, is in small amount Besides cholesteiol, a considerable propor- 
tion of lowei saturated alcohols is present No tntenyl esteis have 
been found in wool-fat 

Darmstadtei and Lifschutz ( JSC I, 1897, 150) have lepoited 
the isolation of the following bodies' — Lanocenc acid, Oi 0 H w O ( , insol- 
uble in water, but easily soluble m hot alcohol, fiom which it ciystal- 
lises, on cooling, in plates of melting point 103°-105° , lauopalmitie 
acid, melting at 87°-88° and solidifying at 8S°-S5° to a lustious 
crystalline mass, and having the property of readily forming an 
emulsion with watei; also earnaubie and myihiie acids, an oily acid 
apparently oleic, and a volatile acid, possibly caproic' Among the 
alcohols, separated by absolute alcohol into several fiactious, car- 
naubyl alcohol (saturated), and cholesterol were identified. The 
investigations of G. de Sanctis ( Chem Zeit , 1895, 651) point to the 
presence also of palmitic and ceroti c acids 

The results of Lewkowitsch’s inquiries into the natuie of wool-fat 
(/. S G. I, 1892, 135, 1896, 14) have led lum to conclude that it is 
a true wax in the strict sense of this genenc term. Natural wool-fat 
resembles beeswax, its closest lelative, m that it contains a considerable 
proportion of free acid and a small amount of fieo alcohols, besides 
true waxeSj and the term wool-wax should therefore be substituted for 
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wool-fat; but considering the fact that the commercial wool-fat is, as 
a rule, contaminated with fatty acids dciived from the soap used in 
scouring the wool, it is more convenient to retain the term wool-fat for 
the commercial product. He proposes, therefore, that the name wool- 
wax be given to the neutral portion of the wool-fat. This consists of 
a mixture of true wax and alcohols, the former predominating con- 
siderably The name wool-wax appears all the more desirable, as 
this neutral portion is now obtained in large quantities, both in the 
anhydrous and hydrated state, and confusion with the crude wool-fat 
is thereby avoided 

The following aie the results of examinations made by Lewkowitsch, 
as well as some determinations made in the author’s laboratory by 
W. Chattaway : — 

"Wool-Wax (Esters and Free Alcohols) 


Specific gravity nt 98 5° (water at 15'5° 
Molting point . ... 

Solidity mg point . ... 

Pcroentn'i of KHO for saponification 
Sapuniln.atiun-i.quiva.lcnt > . . 

Iu'Une absorption .... 

Fatty -louls, per cent 
Alcohols 


Mi\ed Fatty Mixi d 

AciDb Alcohols 


40° 28° i 

41 8° 33 5° 

321 5 239 

17 0 361 20 4 2 



When extracted by means of solvents, wool-fat contains simply the 
constituents (fatty acids, neutral esters, alcohols, and potassium salts 

t From raw wool-fat. a Prepares from “ lanolin ” 


r 


Solidifying point 
i Melting „ 

Mean molecular weight 
Todtno absorption 
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/-f lower fatty acids) natural to the wool. The following table repre- 
uts the lesults of examination of wool-fat extracted by ether (Her- 
big, J S C 1, 1894, 1069) •— 


rOTASSIUM 


5\PUMrirA riON on Hj atino 


Open n?sk Closed Thsk 


Sou tli American „ 


Wool-fat piepared by acidulating the suds obtained m the wool- 
scounng process is of variable composition. Potassium salts of the 
lower fatty acids aie piesent m but small quantity, since these are 
lemoved in the fiist stage of the process, which consists m steeping the 
wool in luke-waim water. In addition to the compounds mentioned 
above as natuially piesent in the wool, it may contain unsnponified 
fat and mineral oil which had been added to lubricate the wool and 
fatty acids of variable chaiacter denved from the soap used in scour- 
ing. The pioduct obtained in tins way is called ■ucoeacd, q> case, 
wool- gi ease, brown pease, and Yodshue grease In the United States 
it is incorrectly called “ dfigras ” (For a description of ti uo “ degi as ” 
see undei that head ) 

The analysis of wool-fat lequires a depaituve fiom the usual methods 
The potassium and other mineral constituents can be deteimined in 
the ash obtained on ignition. On saponifying tlie fat with alcoholic 
potash and extiactmg the soap in the inannei descubed below, the 
alcohols, including cholesteiol, aie dissolved, and may be lecovercd by 
evapoiation of the solvent, and examined as descubed on page 353. 
By treatmg the soap with acid, the higher fall y acids will be obtained, 
while the lowei fatty adds can be deteimined by distillation in the 
usual way (p 68) Foieign, saponifiable fats will be indicated by the 
piesence of glycerol in the aqueous liquid sepal aled from the fatly 
acids, and tlieir amount will bo loughly indicated by multiplying the 
glyceiol found by ten. 

Free Fatty Acids — These are measured by ti eating a weighed por- 
tion of the fat with alcohol, and titiating with standard potassium 
hydroxide in the usual manner, the amount may be calculated flora 
the mean moleculai weight. Lewkowilscli ( J & 0 1 . 1892, 13G) 
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separates the fiee fatty acids for the determination of the molecular 
weight as follows The amount of alkali required for neutralisation 13 
first ascertained by titiating a small weighed quantity of the fat A 
laiger weighed quantity is then dissolved 111 alcohol and nearly uen 
tialiscd with the gf enter part of the alkali required, and the remainder 
is added cautiously until the solution becomes pruk to phenolphthalem 
The mixtuie of neutial fat and unsapomfiable mattei, which uses to 
the sm face, is dissolved in ether and sepaiated fiom the soap solution, 
which is then repeated]} shaken out with ether. The ethereal extracts 
areainited and washed repeatedly with water to remove all tiaces of 
soap This stage of the piocess is very tedious 011 account of the 
emulsification of the two liquids There is also foirned an intermedi- 
ate ln)er, consisting of soap of a higher fatty acid, which is not soluble 
111 watei, but dissolves leadily 111 boiling alkaline solution of soap of 
the other acids It is sepaiated by filiation The fiee fatty acids 
aie thus obtained 111 two paits, those of the dissolved soaps and those 
of the difficultly soluble soaps The ethei dissolved m the soap solu- 
tion 18 distilled oft' and the fatty acids set fiee by acidulating with 
hydrochloric acid The solid soap on the filtei is treated with boiling 
watei and hjdiochlonc acid foi the same purpose 

Cochenhauscn (J.S. C 1, 1894, 1100) modifies the above process as 
follows: — The neutralised wool-fat is shaken with 30 per cent, alcohol 
and the soap solution boiled down to diyncss, dissolved in 50 per cent 
alcohol, and exhausted with peti oleum ether In this process also 
msoluble soaps of higher fatty acids separate between the two layers 
as flocculent mattei and must be filtered off. 

As noted above, wool-fat contains hydioxylated fatty acids, which, 
on heating to a tempei atui e of 100° C and over, lose the elements of 
water and fonn inner anhydrides or lactones. These are not com- 
pletely hjdrolyscd by aqueous solution of potassium hydroxide, which, 
if used for the determination of the molecular weight on a sample 
winch has been heated to diy it, would furnish results m excess of the 
tiuth. Error from this souiee is avoided by boiling the acids with 
Standard alcoholic potassium hydroxide and titrating back the excels 
of alkali In this way any anhydiide which may be piesent is effectu- 
ally hydrolysed. 

Saponification- equivalent — As already noted, wool-fat is not com- 
pletely saponified by simple boiling with alcoholic potassium hydiox- 
ide Lewkowitsch (J.S C J , 1892, 137), found that complete saponi- 
fication could be effected by the use of double normal alkali under 
pressure. The fat and alkali should be contained in a copper flask 
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tightly closed, placed in boiling water and nllowed to leraain for from 
one to two hours, with occasional shaking Identical results were 
obtained without pressure by the use of a freshly piepared solution 
of sodium ethylate Herbig’s expenments ( J. S C I, 1804, 1069) 
confirm these results so far as legards the saponification under 
piessure, but equally satisfactoiy results were not always seemed by 
the use of sodium ethylate, Herbig found, fuither, that wool-fat con- 
tains esters that are easily saponified by alcoholic potassium hydro vide, 
and that, working under definite conditions, constant nmubeis foi 
these aie obtained. Heating ovei the naked flame was found to effect 
the lesult much more lapidly than by means of the watei-bath, and 
the action is complete at the end of one horn’s heating in a flask pro- 
vided with a vertical condenser. By leason of its convenience, this 
method is often employed in the commercial valuation of wool fats 
The table on page 357 shows some results obtained in this way com- 
pared with those obtained by saponification under pressure In the 
jlattei determinations, double-normal alkali was used and the raateiials 
maintained at a temperature of 105°-106° C. 

Determination of TJnsaponifiable ' Mattel — The separation of the 
etlieieal layer fiom the aqueous solution of saponified wool-fat and re- 
covered grease is troublesome, an intei mediate stratum of a veiy per- 
sistent nature being formed C. Rawson has suggested the following 
plan .— 

The sample is saponified with alcoholic potash in the usual way, and 
the resultant solution is evapoiated in a porcelain ba9iu placed ovei a 
small flame Toward the end of the operation some powdered sodium 
acid caibonate is stirred in to neutralise the excess of alkali, and some 
sand also added The residue is then dried at 100° and exhausted 
with ether in a Soxhlet tube. The ethereal solution is then evaporated 
to dryness, the residue boiled with wntei,and the solution agitated 
with ether , or the etlieieal solution is at once agitated with wr.tf r con- 
taining a little caustic soda to dissolve any soap it may contain, and 
then evaporated to dryness and the residue weighed. 

A mote satisfactoiy method is that of Heibig (Anahjd, 18S6, 47). 
Fiom 1 to 2 5 grm. of the fat are boiled with seminorraal potassium 
hydroxide foi an houi, the excess of alkali neutralised with [standard 
acid, and the whole washed into a beakei with boiling alcohol The 
alcohol is evapoiated, the solution heated to 70°-75° C , and the fatty 
acids precipitated with calcium chloride, the amount of which lias been 
calculated from the saponification-equivalent. The pi eupitate is fil- 
tered off, well washed with dilute alcohol (1 to 20), and dried on the 
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filter m vacuo . When dry, it ia extiacted in a Soxhlet extractor with 
fieshly distilled acetone for six hours, alter which the acetone is 
evaporated, the extiact washed with other into a platinum basin, the 
ether evaporated, and the residue, which consists of the uusapomfiable 
matter and of the,csteis which cannot be saponified by the oidmaiy 
procc-s of boiling with alcoholic potash, dued at 105° C and weighed. 

The chief points to be obseived me the punty of the acetone — the 
fraction boiling between 55 5° and 56 5° being used — and the tem- 
perature at which the calcium salts me precipitated If too hot they 
fuse, and if too cold they become slimy, subsequent filiation being 
almost impossible m either case 

It is advisable to extiact the cork of the extraction apparatus with 
ether, alcohol, and acetone. 

For the estimation of the alcohols, free and formed by the saponi- 
fication, it is necessmy to saponify under piessuro, piecipitate with 
calcium chloride, and extract with acetone as described 

F. Ulzei and II Seidel (Analyst, 1896, 260) piopose to deteiraine, 
instead of the saponification-equivalent, the total acidity numbei, as 
was recommended by Benedikt and Mangold in the case of wax 
This number is tho amouut of potassium hydroxide (expressed as 
milligrams per giam) lequued to neutialise the nnxtuie of fatty 
acids and fatty alcohols obtained by saponification and decomposition 
of the soap with acid. 20 gnu. of potassium hydroxide aie dissolved 
in 20 cc. of watei in a poicelani basin holding fioin 350 to 500 c c , 
and the solution heated to boiling for about a minute, the heating 
continued on a ivatei-bath until a thick, uniform soap is obtained, and 
the basin finally placed for two houi,s in the watei -oven to complete 
the saponification Tho soap is dissolved in about 250 c c. of boiling 
water mid decomposed with 40 c c. of hydrochloric acid pieviously 
diluted with water. The clear fatty layer is repeatedly washed with 
boiling water until the washings aie free fiom acid, and then dried in 
the water-oven Fiorii 5 to 6 grm of the dty mixtuie of fatty acids 
and alcohols are weighed accurately and titrated with alcoholic potas- 
sium hydroxido with the piecautions noted above ia the determination 
of the moleculm weight. The authois conclude that for tho technical 
examination of a wool-fat sufficient data are furnished by the deter- 
mination of the acid value (ie., the milligrams of potassium hydroxide 
required to neutialise the fiee fatty acids of one gram), the total 
acidity number, the iodine number, and the Reichert- Meissl number, 
together with a gravimetric determination of the unsapomfiable 
matter. 
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Lewkowitsch (J S C 1, 1892, 141, anti Chew Anal of Oils, Fate, and 
Waxes) gives the following data fiom the analysis of a wool fat — 
The volatile acids were detei mined by the Rcubeit process and then 
mean molecular weight assumed to be 104 (C # H u O..) The total free 
aud combined fatty acids weie well washed to free them from soluble 
fatty acids, and their molecular weight fouud to he 332 


Volatile acids fiom 1 grm lequued, 
Free msol acids ,, „ ,, 

Total „ „ „ „ 

Combined uisol acids (by difference), 
Unsapomflable mattei, , 

And theiefoie, 


0 121cc notnial KOff. 


U 380 „ 
2 1 !) „ 


143 „ „ 

36 17 per cent 


Volatile fatty acids = 0- 124X10 3= 1 2b „ 

Insoluble fiee fatty acids = 0 58GX 33 3 = i!) 45 ,, 
Combiued insol fatty acids (lij drated) ss 

1 48 X 33 2= . . 49 13 „ 

Total iinsaponifuible matter, , JS 47 „ 


106 31 


The excess over 100 per cent is of course due, in pait at least, to 
hydration incident to the saponification 
Lanolin — On account of its piopeity of leadily foiming with water 
an emulsion easily absoibed by the skin, wool fat, purified bj various 
patented piocesses,has come into extensive use as a basis for ointments 
aud salves. Two pieparations are leeogmsed by the British Pharma- 
copeia — Adeps Lance and Adeps Lance Hydiosus The cunoilt U- S 
Pharmacopeia recognises only the latter form It is commonly known 
as “ Lanolin,” and consists of about 75-80 pei cent of wool-wax with 
20-25 per cent of water It is usually white oi slightly jellow, and 
of salve-hke consistence It does not turn rancid According to 
Liebnch, it should be free fiom all traces of chlonne, metals, glycerol 
or its esters, soaps, saline matters, and mechanically intermixed unpin i- 
ties or coloring matters, and it should not have any disagreeable odor. 
On rubbing on blue btraus-papei no leddemng should occur. 

The U S Phaimacopeia proscribes the follow mg requirements fen lanolin — 
When igmteditsbould leaxe not moie than 0 t per cent of ash, wbieb should, 
not bin e an alkaline reaction to litmus (absence of alkalies) 

If 2 grm are dissolved in 10 c c of ethei and mixed with 2 diops of phenol- 
pbthalefn solution, a Coloiless liquid should result (absence of fee alkalies), 
which should be decidedly reddened by 1 drop of normal potassium bj dioxide 
(absence of pee fatly acids). 
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If 10 grm be heated togcthci with 50 c a of water on a wutei-bath, until tho 
fat is melted, there should result an upper tiansluceut nud light-yellow tatty 
layer, and a lower, clear aqueous layer, which latter should not yield glyceiol 
on evaporation, and when apoition of it is heated with potassium hydroxide 
solution it should not emit vapors of ammonia 

Distilled wool-grease is a pioduct obtained by distilling wool- 
fat with the aid of steam. The lighter portions, “olein,” sepaiated 
by cooling, are used for lubricating wool, and the moie solid fi actions 
“steauue,” in tho manufacture of soap and caudles. It has also been 
used to ndulteiate tallow. According to Lewkowitseh ( JSC I., 
1892, 142), but a small propoition of the esters oiigmally piesent in 
the wool fat are found in the distilled product, the gi eater poitiou 
being decomposed into fatty acids and hydrocaibous. The fatty acids, 
especially the higher members of the series, are further associated into 
liydiocm bons ami acids of lowei molecular weight Hydrocai bons ai & 
also funned by the decomposition of the fiee alcohols, a pait of which, 
however, distil unchanged The nature of these hydiocaibons is nob 
well understood, and no means is known of distinguishing them from 
liychocaihons intentionally added. 

The examination of distilled wool-giease is conducted upon the 
same geneial lines indicated in the case of wool-fat Lewkowitsehi 
obtained the following lesults from a sample obtained by the distilla- 1 
tion of recovered grease, the analysis of which is stated on page 361 — ■ 

Fieo fatty nculs, . . . 54 01 per cent 

Combined fatty acids, 7 02 ,, ,, 

Unsapouifiablo, 18 80 ,, ,, 

Foi othei analyses of distilled wool-grease see page 265 

Alcoholic potassium hydroxide should be used in the deteminafcion 
of the moleculai weight 

The fatty acids may also be determined with sufficient accuracy by 
the usual giavnnetiic method. 

Sod Oil. D6gras. 

French — Degras, Moellon. German — Lederfett, Weissbruhe, Ger- 
beifett. 

Degias is the waste fat obtained in the chamoising piocess and laigely 
used in dressing leather The chamoising process consists essentially 
m oiling the suitably-prepaied skins with whale- or cod oil (i e , the 
lower giadesof cod-livei oil), stamping them m the stocks, and placing 
them in heaps, so that a fermentative change attended with develop- 
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ment of heat is btought about The process is complete w lit n the 
skins have acquned the usual yellow color of chamois leathei. Under 
these conditions, oxidation of the oil takes place, and a pot lion of it 
combines with the skin, from which it cannot be removed by the usual 
solvents. About an equal quantity of uncombined oil is also mechani- 
cally enclosed in the skin After being well scraped with a blunt 
knife, by which much of the excess of oil is removed, the skins aie 
washed with lye and the emulsion tieated with acid; the fatty mattei 
which rises to the suiface is added to the oil all early obtained by sculp- 
ing Tho pioduct so obtained constitutes the so called “sod oil” 
This is the method largely used m Geimany and England The Jol- 
lowmg piocess employed in Fiance is also used in England to a cou- 
sidei able extent . — The tieatmont by oiling, stocking, and feinientingis 
earned out foi a shoitei period, so that a laigei pioportiou of unconi 
bined oil lemains in the skins This is lemoved by wuuguig oi liy 
draulio piessmg, and constitutes the“moellon” or “(logins” of com- 
merce. The remaining uncombined oil is lemoved by washing with 
lye and treatment with acid, and is usually added to the pioduct 
The inoellon of commerce is said to be invariably mixed with untieated 
oils Moellon contains less fibie rameial matter, and water than sod 
oil. 

Jean found that dSgias (moellon) contains fiom 10 to 20 pei ceut 
of water, and that the pioperty of foinnng an emulsion with water 
depends upon the piesence of an oxidation pioduct of the oil formed 
during the chamoising process. He describes it as a " i esinous sub- 
stance,” insoluble in peti oleum spirit, but soluble in alcohol and ether 
It is saponifiable, but, unlike oidmaiy fat, the soap foimed is not pie 
cipitated from alkaline solution by the addition of salt The melting 
point was stated to be 65°-67°. Simand has given it the name deg) as- 
fo i mer. According to him it is insoluble in petroleum spmt, bcu7eue, 
and almost insoluble m ether. It- la soluble in alkaline solutions, fiom 
which it is precipitated by the addition of acid It wa9 also found in 
all animal and marine oils Fahnon (J S 0 1 , 1891, 557) legaids 
it as a mixture of hydroxy-fatty acids and anhydrides It is an oxida- 
tion product, and experience has shown that those mat me animal mis 
which absorb oxygen readily aie the most suitable foi the pieparatum 
of degias. Fall ri on found an iodme-absoiption of 65 9 percent m 
dfigias former Ruhsam found 98 8 per cent in sample No 1 on 
page 368 According to Faluion (J jS C. I, 1891, 558), degias 
former contains no nitrogen, that found by Eitner being due to iru- 
puiities 



364 


DEGRAS 


Ddgras-formei is said uot to exist in the free state in degras, but 
forms a part of the saponifiable matter which is readily soluble in 
petroleum spirit, in which the dfigras-foi mer itself is insoluble, 

G. Barou (.7. SCI, 1897, 922) piepares an aitificial degras as 
follows , — 1000 kilos of neutral wool-flit (extracted by petroleum spirit) 
are placed in a tinned steel vessel with 5000 kilos of cod- or whale-oil. 
Tho liquid is heated by a steam coil, agitated for three liouis, then 
allowed to rest and cool for the same period, and the water withdrawn. 
The water is again heated to 40°, 150 kilos of hydrogen peioxide and 
and 450 kilos of water added, and the whole agitated foi five hours at 
a pressuro of 2 atmospheres. The resulting product is said to form 
an excellent nioellon, having a yellow color and being easily emulsified 
aud absoibed by the skins It is important that the wool -grease be 
free from sulphuiic acid, lest this should dissolve tiaces of iron, and so 
cause daikening of the lentber 

Examination of Degrab 

Water is detei mined, according to Simand, by weighing 25 grm, of 
the sample in a tnred porcelain basin provided with a short thermom- 
eter as stirrei, adding 50-100 grm. of blubbei or othei oil previously 
dried by heating to 105° C ,'heatiug the mixture to the same tempera' 
ture, and determining the loss in weight. Kulisam makes the deter- 
mination by heating 2-3 gi m of the sample in a weighed platinum 
ci ucible until an empyreumatic odor indicates the complete dehydration 
of tho Lit. 

Fiench dogias usually contains from 10 £o 20 per cent, of water; 
sod oil may contain as much as 40 per cent 

Free Acid —Mineral acids maybe detected as described on page 
104 The amount is determined by boiling a weighed quantity of the 
sample with water and separating the watery solution, which will con- 
tain tho mineial acids as well as any soluble fatty acid3, the deter- 
mination of the foimei is made by adding methyl-orange and titrating 
with standaid alkali until the point of neutrality is reached The 
soluble fatty acids arc then detemuned by adding phenolphthalein and 
titi tiling a second time 

Free fatty acids may be determined in the residue insoluble in water 
by dissolving m alcohol and titiating as usual. They are usually cal- 
culated to oleic acid 

Ash — This is determined in the usual manner. It should be tested 
for iron. According to Simand, even as low a proportion as 0 05 per 
sent, of ferric oxide has a distinctly injurious effect 
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The ash of moellon is usually less than 0 1 per cent. , that of •sod oil 
may amount to several per cent 

Fragments of Judo may be determined in the residue left from the 
solution m petroleum spint, which is dried, weighed, and incinerated. 
The loss on mcmeiatiou may be taken to represent, roughly, the hide 
fragments. 

Unsopomfiablc matter may be determined in the usual manner as 
de^ctibed on page 113. 

Digtas-fonnci — Simand makes the determination as follows — 20 to 
25 gim of the sample, according to the amount of water present, are 
saponified in an Eilenmeyer flask, with a funnel placed in the mouth, 
using a solution of about 5 to 6 grin of solid sodium hydi oxide m 10 
c c. of water and 50 to 60 c c of alcohol The alcohol is evaporated, 
the soap dissolved in water, and the fatty acids liberated by hydro- 
chloric acid. The liquid is then warned until the fatty acids have 
formed a clear oily layer and the degras-forraer has collected in lumps. 
It is then allowed to cool and the acid water sepaiated from the undis- 
solvecl portion. This latter is washed seveial times with boiling water, 
the washings added to the acid liquid, and the mass remaining in the 
flask (consisting of the dfigias-formei, fatty acids, and unsaponiflable 
matter) is dried at 105° C. The acid liquid aud washings are neu- 
tralised with ammonium hydroxide, evaporated to dryness, redissolved 
in a small amount of water, the solution feebly acidified with hydro- 
chloric acid and the small amount of dfigras former thus obtained 
(which had been dissolved m the aqueous liquid) separated by filtra- 
tion, washed, dried, and added to the contents of the flask. It is then 
extracted with 100 to 120 c c. of petroleum spirit, which dissolves the 
fatty acids and leaves the dbgras-former aud some albuminous mate- 
rials The residue is dissolved m alcohol by warming, the solution 
filtered, the filtrate evaporated to dryness, and the residue weighed as 
degras-former The process is said to be accuiate within 05 per 
cent The petroleum spirit may be evapoiated and the lesidual fatty 
acids weighed and examined. 

Dtigras, according to Simand, is pure and genuine only when it 
contains at least 12 per cent, of d6gras-former It may contain as 
much as 17 per cent. 

Jean determines the proportion of “resinous substance” as follows: 
A weighed quantity of dbgras is saponified and the watery solution or 
the soap extracted with ether to remove the unsaponiflable matters. 
The soap solution is boiled to drive off the ether, and pieeipitated while 
hot with excess of pure sodium chloride. After cooling, the colored 
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liquid is filtered fiom the sepaiated soap, the fijtiate collected in a 
flask, and acidified \uth hydiochlonc acid The “ lesmous substance”' 
sepaiates in flocks, winch on boiling unite and adheie to the side of the 
flask The liquid is cooled, shaken out with ethei, the etheieal solu- 
tion evaponted, and the lesidue dned and weighed 

Jean consideis that a specific giavity of the oil exti acted from ddgras 
of less than 920 indicates the piesence of foieign fats, eg , wool fat, 
oleic acid, and tallow The specific giavity of the oil from ddgias 
madefiom fish- and whale-oil is given as 949 to 955 The presence of 
tallow is also indicated by the highei melting point of the fatty acids 
In the examination of artificial degias, Snnand takes into considera- 
tion, in addition to the ash and water, the following points — 

1 The dcgi as-former, which may be derived from a small quantity 
of admixed true ddgras or flora the oils 

2 The wool -fat. 

3 Hydiocai bons (vaseline) 

4 Colophony. 

To determine the degras funner, Siraand pioceeds as with genuine 
di-gras, but substitutes ethei for the petroleum spa it, since the wool-fat 
acids aie dissolved by the foiraei in the cold 

The deteimiuation of the amount of wool-fat is as yet an unsolved 
problem The detection of cholesteiol would not, in itself, suffice, as 
itisanatuial constituent of the fish oils used in the manufacture of 
degras Lewkowitsch points out that by the ordinal y methods of 
saponification, a portion of the wool-fat would piobably be found in 
the unsaponifiable portion, and that by again saponifying under press- 
ure a definite saponification value would point to the presence of wool- 

Benedikt (Anal d Fetteu Wachxuien) states that by determining 
the amount of cliolesteiyl acetate (see page 353) a very lough approx- 
imation of the amount of wool-fat may be obtained. Wool-fat fur- 
nishes percentages of cholesteryl acetate varying from 9 59 to 18 71 
per cent. 
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Resin may be determined as on page 107, and hydrocarbons as on 
page 110 

Jean gives the following example of examinations of dfigras : — 



* 

2 

3 

« 

5 

6 

v 

Water per 

Ash 

Hide fragments 

Oils. 

Uimpomfnble ninUor 
" Resinous substance ” 


18 00 

0 25 

0 30 
60 71 

6 84 

4 00 

14 84 

0 13 

0 30 
74 65 

6 05 

4 05 

12 03 

0 55 
ft 09 
80 00 

6 81 

28 90 

0 70 

0 58 
60 03 

3 52 

19 20 

0 07 

0 27 
75 66 

4 SO 

5 39 

0 25 

84 S7 

9 40 

S 90 

1 59 
72 15 

10 15 


Simand gives the following results — 



DSguar- 
Formfr 
Per Cem 

Melting- 

Acids, ° C 

"Plr' 

Cent 

! Original DGgras 

Hlde-rrng- 
meats, ^Per 

Water, 

Per Cent 

French dSgras fj 1 

(Anhydrous) j ■ J 

19 14 

18 43 

18 10 

IS 0-23 5 

28 5-29 

31 0-31 5 

0 73 

0 49 

0 03 

0 07 

0 12 

0 18 

165 

20 5 

13 0 

Sod oil ( * 

(Anhydrous! j" 

20 57 

18 63 

17 84 

33 5-34 

27 5-27 

28 0-28 5 

3 95 

3 45 

3 00 

5 7 

59 

4 5 

35 0 

23 0 

30 5 


The table on the following page gives the results of an extended 
senes of examinations of degras by R. Ruhsam (J. S C. 1 , 1891, 
639) Samples 1 to 9 are Fiench artificial degras, No 10 is a 
so called “ emulsion ’fat ”, No 11 is a genuine degras from the cod 
oil No 12 

The iodine-absorptions were determined as usual, the insoluble fatty 
acids being first fieed from ddgras-foi mer by solution in petroleum 
spirit It will be noted that the figure for genuine ddgras is much 
higher than that of the artificial samples The acetyl values were 
determined by the method of Benedikt and Ulzer, and are of value 
only for comparison with each other. (See page 245 ) 
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Cloth Oils. 

Cloth oil or wool oil is a trade term for all nmtemls used in lubri- 
cating wool before spinning, or rags before grinding and pulling. 
Since the success of the subsequent dyeing operations is in a great 
measure dependent upon the thoroughness with which these oils are 
removed by scounng, mineral oil or, in general, any unsapomfiable 
matter is objectionable. 

Mineral oils are emulsified by soap solutions and lemoved in great 
part, but not completely, by ordinary scouring With the better 
grades of goods even a small piopoition of these oils is haimful, but 
with low grades it is permissible to use a strongly alkaline soap, by 
which the romeial oil is to a gieat extent removed 
According to Horwitz (J S C. 1, 1890, 937) cholesterol may be 
present in the cheapest grades of olive oil in suflicient quautity to 
cause spotting of the dyed fabne. A sample of oil used to lubricate 
a wool which exhibited this condition was found to contain 3 per cent 
of cholesterol, and other samples were fouud to coutniu os high as 4 
per cent 

Olive, lard, and neatsfoot oils, and commercial oleic acid (“ led oil," 
“elaine,” “ oleine”) are hugely employed, and when of good quality 
are the most suitable Besides these, however, wool-grease, distilled 
grense, and seek oil (the recoveied giease flora the scorning of 
various silk, woolen, and cotton goods) aie employed The cheaper 
oils m the mai ket consist of one or more of the above, mixed with 
jnore or less mineral oil. So-called “ emulsion oils,” consisting of ml 
or “ oleine” held in suspension m a solution of soap, or of borax, and 
Irish moss, and also simple solutions of soap are employed The latter 
are prepared fiora castor oil oi ncinolsulphuric acid 

An important factor to he considered m judging of the suitability 
of an oil foi this purpose is its liability to cause spontaneous combus- 
tion All oils that absorb oxygen aie dangerous in this respect. 
Mineral oils, while not open to this objection, are still considered dan- 
gerous by reason of the facility with which a fire, once started, will 
spread in their presence. An examination directed to these points is 
all the more important m view of the higher rate of insurance which 
may be charged in some countries when oils considered unsafe in this 
respect are employed. In Great Britain the rating is based upon the 
natme of the oil, the proportion of unsapomfiable matter, and the 
flash test. The lowest rate is charged when an olive oil, lard oil, or 
“ oleine ” is used containing not more than 10 per cent of unsaponifi- 
VOL II —24 
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able matter, or a fish or manufactured oil containing not more than 
30 per cent of unsapomflable matter and having a flash point not 
under 167° C. The highest rate is charged in the presence of drying 
oils or of more than 60 per cent, of unsaponifiable matter. 

The “ flash point” of an oil intended for this purpose may be deter- 
mined very simply by placing 50 co in a porcelain dish or crucible, 
in a sand-bath, heating with constant churning, and noting the tem- 
perature at which a flash across the surface is produced when a small 
flame is brought near. 

A satisfactory test of the liability of an oil to inflame spon- 
taneously may be made by means of Mac- 
key’s “Cloth-oil Tester” (J S C 1, 1896, 
90) The apparatus consists of a cylindrical 
metal oven sunounded by a water jacket. 
The dimensions are as follows 1 — Outside, 
8 m 'high and 6 in. diameter ; inside, 7 in 
high and 4 in, diameter. The tubes A and 
B are 1 in internal diameter and 6 in, long 
measured from the lid, The depth inside 
with the lid on is 6} in. A lid packed 
with asbestos wool fits on the top, and the 
tubes A and B serve to maintain a current 
of air through the oven Care should be 
taken that the steam from the water jacket 
is neither drawn down B nor warms A. C 
IS a cylinder made of a piece of wire gauze 
(24 meshes to the inch) 6 by 6 m , forming 
a rail 6 in. long and 1} Id. diameter. In 
this cylinder is placed 7 grm. of oidinary 
Pro 13. bleached cotton-wadding, previously im- 

pregnated with 14 grm of the oil under 
examination, and occupying the upper 4} in of the cylinder 

The water being brought to the boiling-point, a thermometer is 
inserted in the oiled cotton contained in the gauze cylinder, which is 
then placed in the bath, the thermometer being allowed to protrude 
through a cork in the opening shown in the lid. The water is kept boil- 
ing and the temperature read at the end of an hour. An oil attaining 
a temperature of 100° C or over at the end of this time is to be 
regarded as dangerous. The following are the results of experiments 
on various oils . — 
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The chemical examination of cloth oils is made by the application 
of the principles and methods already laid down An estimation of 
the amount of the unsaponifiable mattei is important, and if hydrocar- 
bons are present the flash point should also be determined. The iodine 
number will aid in the detection of drying oils The examination of 
commercial oleic acid is given m detail on page 262 , it is to be espe- 
cially tested for unsaponifiable matter and for linseed oil acids Resin 
should be looked for m the fatty acids separated from the saponifiable 
portion as described on page 107. See also under “ wool-fat ” and 
“distilled wool-grease ” Free mineral acid, winch is especially apt to 
be present in commercial oleic acid, is objectionable on account of its 
corrosive action on card-teetb. 

In the case of “ emulsion oils ” the fatty matter may be separated 
by treatment with acid and examiued as above Gelatine or gummy 
matters used in preparing the emulsion may be separated by addition 
of alcohol. 
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To page GG 

Hebner (Analyst, 1895, 49) has proposed to determine the bromine- 
absoiption of oils gravimetrically, the method possessing, among 
others, the advantage that the products of the jeaetion are obtained in 
a form that their physical piopeities may be afterwards investigated. 
A small, wide mouthed flask is caiefully weighed, and from one to three 
gnu. of the fat placed m it, dissolved m a few c.c of chloroform, and 
pure bromine added, drop by drop, until decidedly m excess Both 
the chloroform and bromine must be pieviously tested in a blank 
experiment to make sure that they yield no appreciable residue 
The flask is heated on the water-bath until most of the water 
dnven oflf, a little moie chloroform is added, and the mixtuie is again 
heated, the chloiofoim vapoi helping to duve oflf the excess of bro 
mine. The addition of chloioform may be lepeatcd The flask and 
contents are placed in an an -bath and kept at 125° C. until the 
weight is constant; this takes several hours A little aciolem and 
hydrobromic acid escape dunng the diying; the residue m some cases 
darkens slightly, in others, a cleai yellow pioduct is obtained Diy- 
ing at 100° C. does not furnish satiafactoiy results 

The following are some lesults, compared with Hubl's figures upon 
the same samples For comparison, the gain in weight is calculated 
to iodine by multiplying by 1*587 . — 


Suustanck. Used 

Iodine py Hour. 

Iodine Cobm-sfonp 

ORAViMCTPicAn.i 

Oh\e oil 

Slid 

81 5 


S(l2 




80 7 


65 7 

1U-4 



61 t 


63 2 

641 


00-1 

614 

Maize oil 

122 0 

123 2 

Butlcr-fat 

34 0 

34 3 

Mutton fatty acids , 

48 1 

17 8 

C istrfr oil 

83 0 


Boiled linseed oil 

Almond-oil fatty acids 

132-5 

15') 5 

102 3 
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For almond oil the Hubl figure was not determined, but calculating 
upon 95 5 per cent of fatty acids the figure 102 3 for the fatty acids 
corresponds to 97 7, given by Hubl for puie almond oil. 

Hehner makes the following comments upon these figmes. — “It 
will be seen that in most cases the iodine figure calculated from the 
gravimetric bromine-absorption is in satisfactory approximation to 
the Hubl number, considering that that number is liable to variations 
of from 1 to 2 per cent .even in duplicate analyses (Author and Zink, 
Za.t. f Anal Ghcm., 1892, p. 536) ; but m the case of castor oil the 
bromine process as used by myself gives a substantially loner result 
than the Hubl method, while in that of the sample of boded linseed 
oil the reverse is the case Whatever the explanation may be, and 
without desiring to generalise upon such scanty data, it is rennukable 
that in both those cases in which the oils contained more oxygen than 
do ordinary oils the figures are substantially different This differ- 
ence may be worthy of further investigation. Faliiion (C/ie»i Zdl,, 
J892, 1472) has already shown that the behavior of castor oil tow aids 
Hubl’s solution is anomalous ” 

R Williams has published the following results of examinations of 
linseed oil by this process ( Analyst , 1895, 276) — 


Kind op Oil 


BnoMisr Dctfr- 


liaw linseed oil . 


Boiled linseed oil, thm 
” >, Tory st 


Lewkowitsch, (J. S , C 1, 1896, 859) and Jenkins ( JSC 1, 1897, 
193) have noted that m some cases the brominated product appears to 
lose weight indefinitely on drying. 

Wijs ( Analyst , 1'898, 240) lias proposed a new method for determin- 
ing the iodine absorption of oils based upon the use of hypmodous 
acid, which is stated to be the substance chiefly concerned in the Hubl 
process. The fact that the substance decomposes readily (5I1IO = 
HI0 3 + 2H 2 0 + 41) prevents its employment successfully at first 
hand. It was found best to obtain the acid by the action of water on 
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iodine chloride (IC1 -f H a O =HC1 -f- HIO), choosing a solvent which 
contained so much of the foimer as would decompose nearly the whole 
of the latter, and at the same time not be oxidised by the hypoiodous 
acid. Good results weie obtained with a solution of iodine chlonde in 
95 per cent acetic acid This was prepared by dissolving 13 grm of 
iodine in a liter of acetic acid, determining the “halogen content” 
of the solution and passing in a current of chlorine (free from hydro- 
chloric acid) until the “ halogen content” was doubled. With a little 
practice this point is said to be readily discernible by the change in 
color. The solution is employed as Hubl’s solution, except that the 
time required for absorption is greatly reduced. With oils of low 
iodine values, the absoiption is said to be complete in four minutes, 
and with those of higher value not more, than ten minutes will be 
necessary if too much oil be not taken. 

The following are results corapaied with those of the Hubl process 
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In almost eveiy case the values given by the new solution were 
higher than the oidinary Hubl values, but they are claimed tube more 
coriect by reason of the results obtained with purified ally l alcohol. 
This has a theoietical iodine value of 435 By Hubl’s process Lew- 
kovvitsch obtained values varying from 349 to 376. Using an excels 
of 75 pei cent of iodine, Wijs obtained an iodme va\ue of 425 by 
Hubl’s process, whilst with iodine chloride in acetic acid (the excess 
of iodine being the same) his results weie after 6 minutes 4341 
aud after 10 minutes 436 8 

To page 230 

A Method of Analysing Oxidised Oils. W. Fahrion 
(, Zeit angew Chem., 1898, 781-785) —From 2 to 3 grm. of the oxid- 
ised oil are saponified with 10 c c. of 8 per cent, alcoholic potash on 
a boiling water-bath. The alcohol is evapoiated, the soap dissolved 
in hot water, and the solution decomposed with hydiochlonc acid in a 
sepai atory funnel, shaken with 25 cc. of petiolcum Bpirit.and allowed 
to stand over night, when the liquid will separate into two clear layers, 
with a stratum of solid oxy-fatty acids at the line of junction As the 
non-volatile acids are all contained m the petroleum layer, it is unnec- 
essary to again shake out the aqueous layer with petroleum spirit. 
After running off the lower liquid the petroleum layer is withdrawn 
from above, leaving the oxy-fatty acids in the funnel If the quan- 
tity is considerable, it may enclose unoxidised fatty acids; and it is 
therefore advisable to dissolve the mass in a dilute solution of soda or 
ammonia, and repeat the treatment with petroleum spirit after acidi- 
fying with hydrochloric acid. 

The united petroleum spirit extracts are evaporated, and the resi- 
due, consisting of the unoxidised fatty acids and unsaponifiable matter, 
dried to constant weight (1) It is then dissolved in 25 c c. of 90 
per cent, alcohol and titrated with seminormal alkali, the milli- 
grams of KOH being calculated on the original oil. The number 
thus obtained, which the author terras the "inner saponification 
value,” furnished a measure of the non-volatile and unoxidised fatty 

The neutral alcoholic solution is extracted with petroleum spirit, the 
extracts washed with alcohol, the petroleum spirit evaporated, and the 
residue of unsaponifiable matter dried -and weighed (2) 

The difference between (1) and (2) gives the quantity of non-volatile 
fatty acids, molecular weight of which can be calculated from’ the inner 
sapomfioation value. 
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The oxy-fatty acids left in the separatory funnel are dissolved in 
liot alcohol, the solvent evaporated, the residue dried to constant 
■weight, ignited, the ash deducted, and the difference taken as the oxy- 
fatty acids (3) 

The sura of 1 -)- 3 gives the Hehner value. 

The following results were thus obtained with cottonseed oil and 
three oxidation products, which weie prepared by exposing the oil on 
wash-leather for eight and twelve days, respectively. The leather was 
cut into fragments and extracted with cold petroleum spirit, furnish- 
ing products A and B. The second leather still contained a consider- 
able amount of product insoluble in petroleum spirit, which was 
subsequently extracted from it with cold ether (Bi). It was a thick 
yellow oil, soluble in alcohol. 



Cotton - 

SLED 

A 

B. 

Bi 

Iodine valuo . 

Acid value 

Saponification valao 

Inner sapomfliation value 

Hchnor value ... ... 

Unsaponifiable matter, per cent. . 
Oxy-fatty ncldB, per cent. . . 
Non-volatilo fatty acids, per cent 
Molcoulnr weight of fatty aotdi. . . 
Melting-point of fatty acids 

108 8 

22 

100 4 

180 0 

94 22 
110 

0 27 

02 85 
2781 
36-30° 

66-4 

13-3 

2231 

128 8 

85 34 
111 

20 70 
[ 02 53 

270 2 
45-40° 

40 i 

13 8 

227 5 

128 0 

83 62 
128 

19 43 

62 91 
273'3 

40° 

29 1 

33 4 

271 3 

74 4 

74 20 

0 72 

87 72 

35 70 
209 1 

51° 


With regard to these results, the author points out that the fact 
that volatile acids are produced during the oxidation process is shown 
by the decrease in the Hehner and inuer saponification values. The 
Increase in the areouot of unsaponifiable matter in B is only apparent, 
since B and B, are both Auctions of the same oxidation products, and 
the greater proportion of unsaponifiable matter was removed by the 
preliminary treatment with petroleum spirit which gave B. 

The general conclusion arrived at on this point is that during the 
oxidation of fats and oils the unsaponifiable matter remains intact, and 
new substances are not formed from it 
Unlike the oxy-fatty acids of liver oils (Zeil. angew Ohem., 1891, 
643), those of cottonseed oil are completely soluble in ether. 

The foregoing method of analysis affords a means of examining the 
course of oxidation during the drying of linseed oil, and is also appli- 
cable to the examination of unoxidised fats and oils, as is seen in the 
following examples : — 




ADDENDA. 


A77 



OX-TAMLOW 

OI.IVI- Oil 

JlUTll R-l'AT 

Snpomilcation value 

Inner saponification value 

Hehner value . . 

tTnsnponifinblo matter . 

Oxy-fatty acids 

If on-volatilo fatty Raids 

Moleoular weight of fatty aoida 

193 9 

193 8 
95-58 
Oil 

0 13 

95 34 

275 0 

188 1 

188 t 

95 25 

0 98 

0 18 
94-07 

280 1 

87 00 

021 

0 11 

87 22 


Prom these results it is manifest that when, ns in the case of tallow 
and olive oil, the total saponification and inner saponification values 
are nearly identical, the amount of volatile or of oxy-fatty acids must 
be insignificant. Butter-fat, on the other hand, by reason of its vola- 
tile acids, shows a considerable difference (40 - 7) between the two 
values, and the Reichert-Meissl value (36 3 for 5 grin.) can be cal- 
culated from this difference This calculated value is higher than 
the normal, owing to the fact that the Reichert value only represents 
a portion of the total volatile acids 

Hehner and Mitchell ( Analyst ? Dec, 1898) have made a num- 
ber of experiments confirming those of Hazura and others as to the 
oxidation and bromination products of linseed and other drying oils 
As a result of these experiments the following method (given in sub- 
stantially their own words) is proposed for examination of these oils 

“ When an oil, the fatty acids of which give insoluble bromo-com- 
pounds, is dissolved in ether or other suitable solvent, and bromine is 
added, theie is an immediate precipitate produced, which can be 
washed readily and efficiently. The piecipitate can be collected 
either in a Soxhlet tube, if the quantity taken is small, or on a coun- 
terpoised filter, but we recommend the method employed for the esti- 
mation of stearic acid m mixtures of fatty acids (see page 250) ; hut 
instead of filtenng through cotton, we find the best filtering material to 
be thin, flexible chamois leather tied ovei the end of the small thistle 
funnel, from which any adhering precipitate can afterward readily be 
removed by washing. 

Prom 1 to 2 grm. of the sample are dissolved in 40 c c. of ether, to 
which a few e c. of glacial acetic acid are added, the precipitate form- 
ing being more granular from ‘such a mixture than when ether alone 
is employed. The solution ib cooled in an ice-chest and bromine 
added, the flask being preferably left all night in the ice. This, how- 
ever, is not essential for ordinary working. The liquid is filtered off 
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by the suction funnel attached to a pump, the flask washed out with 
four successive portions of ether at 0° C., and the residue dried in the 
flask to constant weight Even when ether at oidmary temperatures 
is u s ed, no considerable error is introduced. 

Various samples of pure linseed oil were examined by this method, 
with the following results — 




Weight Pbecipi- PEpowTios op 
On, Taken tatr Deposit 


A. 

B - 

C 

C, 


X 1226 0-315B 23 85 

3 1005 0 7573 24 42 

0-6792 0 1766 2 5 8 

1 0000 0 2480 24’8 

1 0000 0 2600 25-0 


A sample of walnut oil gave, in two determinations, 1 9 and 1 42 
per cent, of brorno compound. Poppy oil gave no deposit, nor did 
Brazil nut oil, maize oil, cottonseed oil, olive oil, Japanese wood oil ( 
almond oil. Mixtures of liuseed oil and other oils gave percentages of 
bromo-compound in proportion to the percentage of linseed oil, as will 
be seen from the followmg table : — 


Oits Usee 

Linseed A and Walnut . 
Linseed A and M&iza Oil 


Insoluble Linseed Oil, 
Bromide, Calculated 
Pee Cent pkom Bromide 


16 6 09 0 

9 3 38 1 

12 4 60 8 

12 2 50 0 

12 6 51 6 


It will be seen from the above figures that the determination of the 
amount of the precipitate caD usefully serve for testing the purity of 
unoxidised linseed oil. More extended investigation as to the varia* 
tion in the proportion of the precipitate yielding substance would, of 
course, be necessary, although as far as we have gone the variation 
appears to be small. 

Considerable interest is attached to the nature and composition of 
the insoluble bromo compound. From its origin it cannot be iden- 
tical with the acid hexabi amide; this is also shown by its melting- 
point, which is fiom 143'5° to 144° C , against hexabromide (177° C., 
Ilazura, 180° C, to 181° C., Hehner and Mitchell). If it were the 
hexabromo-linolenic ester, it would contain 62 28 percent of bromine. 
It cannot be lmolio tetrabroino ester with 52 23 per cent, bromine, 
since maize oil does not furnish any insoluble compound, while the 
free acids readily yield large amounts of the acid bromo-derivative. 
We have made a considerable number of bromine determinations 
which gave lemarkably constant results. In various preparations we 



ADDENDA. 


379 


found 56 38, 55*7, 56 38, 5632, 55*55, 66*17, and 56 32 per cent, 
bromine. This percentage is too low for the hexabromo-ester and too 
high for the tetrabromo-compound. Dr. Streathfield, of the Finsbury 
Technical College, was kind enough to make carbon and hydrogen 
determination of a specimen of the material Its ultimate composition 
was as follows — 

Carbon 
Hydrogen 
Bromine 
Oxygen 
Asb 

100 00 


32 07 



a oa 


Calculated for the ash-free material, the composition is as follows : — 

Carbon 
Hydrogen 
Bromine 
Oxygen 

100 00 


We are inclined to attribute to the bromo-compound the formula 
C«H*O a Bru, which would require— 


Carbon 
Hydrogen 
Oxygen . 
Bromine . 


34 27 
4 81 
4 81 
SOU 


100 00 


On acoount of its insolubility, the substance could not be purified 
by crystallisation. In addition, the presence of mineral matter, prob- 
ably derived from the oil itself, would tend to make deductions from 
the results still more uncertain. The percentage of bronmie in the 
substance strongly points towards a mixed bromo-ester, and we sug- 
gest, very tentatively, the following formula:— 


C 8 H s 


{ 


CjaHjaOjBrj 

C, 8 H 2 <AUr 0 

C 18 H 8a O.Br s , 


which, however, cannot be definitely accepted until a peifectly pure 
specimen has been examined. We are the more inclined towards n 
mixed formula, since the existence of such mixed csteis has been fail ly 
well proved in the case of butter-fat, and also because it is impossible 
to sepai ate, even by recrystnllisation peisistently carried out, the 
stearin from palmitin contained m animal fats When, on the othei 
hand, the esters are broken up by saponification, the separation is 
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readily effected, and from the fatty acids separated from linseed oil a 
nearly pure hexabronaide is readily obtained ” 

The following pei centages of insoluble brominated compound were 
obtained from vaiious oils — 



To page 289 

The composition of a weighed residue consisting of sugar, glycerol, 
and neutral salts can be determined as follows, provided that both 
sugar aud glycerol are present m reasonable proportion. Dissolve the 
residue in 9 times its weight of water — that is, use nine times as many 
c.c of watei to effect solution as there are grams of residue. 
Ascertain the specific gravity of this solution, and then evaporate it 
to dryness, ignite the residue gently, moisten with acetic acid to re- 
convert any carbonate into acetate, diy at 100°, and weigh. Then 
dissolve the residue in such a quantity of water as will produce a 
solution of the same measure as that evapoiated. Ascertain the 
specific gravity of this solution, and subtract ltfiom that of the solu- 
tion of the original lesidue, when the difference will be thaf due to 
the glycerol and sugar present. As 10 per cent of glycerol increases 
the specific gravity of water by 24‘0 (water = 1000), and 10 per 
cent, of sugar by 40 3, the proportion of each presen tin 100 parts of the 
residue may be found by the following equations, in which g is the 
percentage of glycerol, s that of sugar, a that of neutralised ash, and 
d the difference between the specific gravity of the 10 per cent, solu- 
tion of the original residue and that of the solution of ash made up 
to the same Volume — 

40 3— 403a — d 

S~ 163 1 anda==10 ° — (« — !?)■ 
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To page 113 

0 Foister ( Chem Zeit , 1898, 421) has devised an apparatus for 
exiraUton with immiscible solvents, the conBtiuction of which is shoivn 
in fig. 14. The cylinder A should hold 
about 1 liter. Two openings arc not 
necessary, since both tubes may pass 
through the Bame cork, but the arrange- 
ment shown is more convenient. 600 c c 
of the soap solution as fiee as possible 
from alcohol are placed in the cylinder, 
800 c c. of ether added aud the mixture 



well shaken. The rest of the appa- 
ratus is then attached. The flask B 
has a capacity of 200 to 300 c c. ; the 
ether in it is heated by a water-bath 
The vapor passes by a into b, the 
condensed liquid flows to the bottom 
of A and rises through the soap solu- 
tion, the upper layer of ether returns 
through c into B The tube e should 
not extend into the liquid in B. A 
small quantity of aqueous liquid may 
collect at intervals in B and should 
be removed. The ethereal solution 
will require four or five washings 
with water, to remove dissolved soap. It is stated that the apparatus 
will remove all but traces of cholesterol fiom a stearin soap by four 
hours’ extraction 



(Sec next puge ) 



382 


ADDENDA. 


H. Bremer ( Zeitschr f Unter. d. Nahr u Qenuss ) has described a 
new apparatus for the determination of nitrogen by the Kjeldahl method 
(fig 15). The same flask is used for the digestion in hot sulphuric 
acid as for the distillation, thus obviating the necessity of transferring 
from one to another The flask is of about 260 c c. capacity and has 
a long neck 35 mm wide. The digestion in this flask is said to occupy 
scarcely any longer time than in the flask usually employed for the 
purpose. As soon as the digestion is completed, the flask is cooled and 
attached to the rest of the apparatus as shown in the figure. The 
soda solution is introduced through the funnel and the distillation 
carried by means of a current of steam. The apparatus can also be 
used for the ’determination of ammonia by distillation with magnesia 
or barium caibonate 
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Absorption spcotra, 26 

Acetyl value, 60, 245 ’ 
Acid, araclndic, 134, 232 

asollio, 233 

buhemo, 232 

brassftidic, 233 


doeglaidic, 233 

dceglle, 233 

olmdic, 233, 261 

clcomargaric, 23 4 

oleostearic, 234 

orucaidio, 233 

gal die, 233 

liyonie, 232 

hypogoio, 233 

isooctic, 232 

— — - isoleie, 233 

isoliriolonio, 234 

isoncinollo, 234 

■ jecoloic, 233 

launo, 232 

Iignocorio, 232 

■ hnolcmo, 234 

linolic, 147, 234 

melissic, 214, 232 

■ mynstio, 232, 242 

nondccutoio, 232 

oleic, 233, 258 

palmitic, 232, 252 

polargonio, 232 

phyoetoleio, 233 

rapic, 233 

noinolaldic, 234 

rlcmolio, 150, 234 

riomolsulphuno, 159 

sebaoio, 260 

stearic, 232, 250, 255 

sulpholeio, 266 


Acids of oleic series 233 

■ of nomolio senes, 234 

■ fatty, 104 

in oils, 104 

resin, 1 05 

Alcohol, cetyl, 210 

dodccatyl, 204, 208, 209 

•— niyncyl 214, 228 
Alcohols, higher, separation of, 115 

from bottlenose oil, 208 

fiom carnuUbn. wax, 228 

from spenn oil, 3i2, 353 

from spermnoeti, 210 
Alizarin oil, 150 
Alkali-glycerol process, 61 
Almond oil, 130 
Analytic data for oils, 91-102 
Animal fats, saponification of, 48 
Aracbidic and, estimation of, 134 


Ileotln’s ted, 142 
Beeswax, 32, 38, 65, 102, 212 
Bishop’s test, 70 
Blasting gelatine, 333 
Blown oil, 71, 229 
Bono fat, 09 

oil, 98 

Brazil wax, 102 

Bromine-absorption, 02 05, 372 
“ — thermal value of, 80 
Brown grease, 367 
Butter, 181 

cacao-, 96, 164 

coconut, 97 

coloring mattorof, 184 

dll a, 90 

factitious, 184 

gulam, 90 
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Butter-fat, constitution of, 180 

• proportion in butter, 184 

ref lactometer tests of, 193 

Butyrorofriiotomcter, 76 


Cacao butter, 96, 164 

Caiboho fund soap, 280 

Cuinauba wax, 162, 221, 222, 227, 228 

Castor oil, 95, 156 

Oerolein, 213 

Ccryl oomponnds, 45, 353 

Cetin, 209 

Cetyl alcohol, 209, 353 

palmitatc, 45, 209 

Chinese wav, 96 
Cholostorin, 347 
Oholestorol, 347 

iso-, 350 

Cholestoryl esters, 348 

Classification of fats, oils, ami waxes, 87 

Cloth oils, 369 

Coconut oil, 97, 168 

olein, 167 

soap, 273 

stem in, 167 

Cod oil, 100, 122, 194 

liver Oil, 100, 122, 195 

Cohosion figure, 20 
Colophony, 10b 

in beeswax, 223 

Color-reactions of oils, St 

with mtno and, 80 

with sulphuric ncid, 84 

Colza oil, 02, 135 
Cordite, 438 
Cottonseed bine, 140 

oil, 93, 1 10 

stearin, 06,111, 143 

Ci u ton oil, 95, 160 


Dporas, 362 
Determination of nils, 20 

former, 363, 30 > 

Dipbenylanilne bent test, 345 
Distilled grease, 302 

Doilocatyl cum pounds, 45, 204, 208, 200, 
351 

Dmgling oil, 33, 11, 100, 122, 207 

Dripping, 55, 186 

Diyers, 150, 1 j8 

Drying mis, 6b 

Dynamite analysis, 337, 330 

composition, 338 , 


Eno oil, 195 
Eluldln tost, 81 
Elaine, 3G9 

Expansion coefficient, 32 
Extraction apparatus, 20, 381 

of oils, 19 

Exudation teste, 345 


Fat, bono, 99 

butter-, 99 

homo, 99 

recovered, 99 

unsaponified, la soup, 279 

wool-, 99 

Fats, animal, saponification of, 44 

constitution of, 42 

melting points of, 34 

solidifying points of, 34 

specific giai lty of, 31, 32 

Fatty aoids, 231 

acetyl values of, 245 

combining weights of, 238 

detoiminntion of, 236 

fiee, In oils, 44, 10 f 

general lenetions of, 235 

Hoik's method, 241 

lughei, 231 

insoluble, 51 

iodine absorptions of, 248 

liquid. 246 

Ion oi , 50 

melting points of, 238, 239 

recognition of, 236 

scpai ntion of, 240 

lioui icsm acids, 105,262 

fiom soap, *o , 252 

solidifying point of, 238, 339 

soluble, 50 

specific gravity nf, 238 

tablu Ot properties of, 232-234 

titer test, 239 

volatile, 50 

Fixed oils and fats, 17 

absorption apectia of, 26 

action of bolt on, 23 

action of light on, 22 

action of, oil rnotals, 44 

bioinine-nbsoiptions, 02, 65, '122, 372 

bromine thciinal value of, 80 

classification of, 87 

coefficients of expansion of, 32 

cobosioa-flguics of, 26 

coloi -i eactioiis of, 84, 80 

detection of icsin in, 105 

determination of, 19 

oKidin test loi, 81, 128 

——extraction and purification of, 19 

foreign mattcis in, 103, 117 

fieo fatty acids in, 43, 104 

general diameters of, 17 

hydrocarbon In, 111 

identification of, Ufl 

iodine-absorptions of, 63, 121, 122 

melting points of, 34 

mineral ncids in, 104 

oxidation of, 08, 229 

products of saponification of, 45 

proximate analysis of, 44 

jmnficntion of, 22 

relation of, to solvents, 40 
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Fixed ode and fats — 

saponification of, 49, 50 

saponification-equivalents of, 53 

soap in, 105 

. solidifying points of, 34, 38 

solubility an noetic aoid, 40, 121 

speoifio gravity of, 28, 31, 110, 120- 

temperature-! enctiona of, 76, 120, 121 

turbidity of aaotio solution of, 40, 121 

viscosity of, 27 

volatile ary da from, 50, 59 

Fluoreno, 617, .’lS, 524, 526 
Fluorescence, 111 

Foroign matters in oils, 52, 103, 117 


dynamite, 33S 

Glycerin, 302 
Glycerol, 392 

commercial, 319 

assay of, 321 

dotoction of, 305 

dctoimination of, 307, 313 

esters, 305 

foi medical use, 332 

for nitroglycerin, 330 

in soap, 283, 380 

in soap-lyes, 319 

isolation of, 310 

proportions formed, 45, 47, 318 

speoifio gravity of, 308, 309 

volatilisation, 303, 312 

yield by saponification, 47, 118 

Goose-fat, 55 


Hake-liver oil, 198 
Holphen’s test, 143 
Heat tost for mtro-oxplosivos, 340 
Higher fatty acids, 231 
Hiibl’s iodine process, 63 
Hydrocarbons, dotoction, 111 

estimation, 112 

Hydroxylinolin, 150 


Identification of oils, fats, and waxes, 11 C 
Iodmo-absorptions, 03 

Japan wax, 07, 168 


Kjeldahl method, 381 
Koettstorfer’s process, 63 


Lanolin, 361 
Lard, 99, 173 

ml^8, U 177 09 

Laurm, 54 
Lead-plaster, 268 
Ling-hver oil, 122 


Lmolntcs, US 
Llnolio acid, 147, 23* 
Linolm, 46, 54, 147 
Linoxyn, 150 
Linseed oil, 01, 146 

boiled, 140 

oxidation of, 60, 149 

Liquefaction test, 345 
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